v NOPQe3eet eX6 Tt11~111pA0h IM I 6w_~~"|mﬂwmmmmso_wmr C FORMS OF
Cl PAMFYLLI NE 5 FI ELD OF THE | NVENTI ON on relates to novel

crystalline th c forns of G panfyl tisane* and to net hods[,é.lo,gi 9?}2,9‘%6}“ ng
in

-them 10 BA OF THE I NVEI'V' TI ON The capacity to occur ferent
crystal structures is known as pon is known to occur in many
organic conpounds. These different ﬂ% ﬂ“ﬁﬂ “orns are known as

"pol ynor phi ¢ nodifications" or "poly are | Srealized in their
crystalline state. Wile polynorphic nDdFFPEatrons have the sane chemn cal
conposition, they differ i ment, and ot her
descriptive properties of Sﬁgﬁgé§ggg?ﬁ$g28§g%§€é€?%fﬁﬂ such, t hese
nodi ficati 6ns may have different solid-state physical properties such as
shape, col or density, hardness deformability, stability, and dissolution

properties, etc. Pol rphi sm of an organic 20 drug nolecule and its
consequences WIELIHO aBBEéN%NfEKB?T the skilled artisan G panfylline,

1, 3-di - cycl opropyl nmm Ardife mmvlar haspdi Hleyﬁ
C13H17N502, m w., of o Rfles é}gsﬁlngéséﬁgﬁﬁﬁgﬁﬁo?ﬁn%P me

75.
| /~NH2 0' _ NaRd semey ds%ﬂtpﬁ%’ér‘ggf nElescrr bed in Exanple 9, in Maschl er et
al , GreagoBritain Patent Application No. 8906792.0 filed on March 23,

1989, inits ' Lonr 89282, and correspondi ng US
Pat ent 5, 734, %&méﬁﬁaiﬁam%%h or porated herein Ey r ef gr ence in

their enti rety 3 (Th€icpparity kd ocvar irsdifferembetystailstroctuogs iskebwrsasusef ul in the

001 20605 ber/ BURIBREh BKARHro Beed \TRENCRRAL EpmBRT, Tels it © 1O

i nhi biting actcmraﬂlylerfnnwekn@vnas "polypmrphisomdggagans! gt wlyneiphstand ases EP
558659) , a8d irgalbAEMRhAF &y&ﬁlﬁﬁé‘&taﬂeﬂ Wm‘e ﬁcﬂﬁﬁérgﬁi@tmodlﬁlﬁh% Wi REORMY! axi s of

Tl ~~'" nedi ated di sease states. Ltabl e assays, dosage forns, and dosage
Fanges, et o,  RBMIERGORBOSHER Hhey S RPEckEs GHTEHOR GFfeORsghanh 250 hisT

t herapeutic trdeain;moé pmbexdeseme&rymumbeoﬂmm IAR sQtH, merse hiodiffaaely mdy et
al., or the E %ﬁfrcat .ons ose di s res ar,e

i ncor por at ed ﬁiﬁ[erﬁf} %Béﬁ 2?1319'5 ‘Erﬁg? 1es F%f pe§13 %Eh Q'Eess

| NVENTI ON 10 'ﬁhfoa;rnabllrt@rmtab)htyrmdadlsslwlonarqp@uals ac.yBolginbiphesnpof ymengpdic of t he

|1 3\'/\% g%c?@pr %H%’é rﬁﬁfeﬁ)’ik afl i@i‘&d&@ecﬁéﬂ&é&'rﬂ{? be E&Ir £1£t€8' bg E{"‘é@, ?ﬁ%ﬁr as Form

orm of~ such conpoun useful In t tre 4 or TNF
nmedi at ed di seases. This invention also rel ates to a novel crystalline

poi ynor ph of the 1(¢ zﬁx&fymﬁeq HchRﬁYéﬁWﬁélWl-agarﬁiﬁb%n%ﬁa@tlﬁHsQﬁe crre%anred to
herei nafter a Fo n{: e fornhf_}sieg ch %F&,Bgund S use é [1 t he
treat ment of oF 1387 » $1- ¥l © gudt OWIRG SHEGTRR! LYl o) ates to
a novel crystalline polynorph of tK 1 35 di cycl opropyl net hyl - 8-am no

xant hi ne, referred to hereinafter a r IV whi ch form 20 of such
conpound i s useful in the treatnent P@i NF medi at ed di seases.

25 Its synthesis is described in Example 9, in Maschler et al , Great Britain Patent
Application No. 8906792.0 filed on March 23, 1989, in its corresponding EPO patent
EP 389282, and corresponding US Patent 5,734,051 whose disclosures are
incorporated herein by reference in their entirety.

30 Cipamfylline is a PDE4 inhibitor and is useful in the treatment, including
prophylaxis, of disease states mediated thereby



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a characteri._stic X-ray powder
diffraction pattern for Form| (Vertical axis: Intensity (CPS); Hori zontal

axis. Di ffﬁé%&l%?ﬁngl e, in Two Theta (degrees)). 25 FIG 2 L‘(s‘v%rsgsm“sll )

-characteri ay powder diffraction pattern for FormLI.

axis: Intensity (@ﬁ%sﬁlllgférvg% Noa(Lsc?d%E@ to H\feffﬁﬂr{h?d?n@ﬂ!tﬁ _I_y iEdMPet HNEL @

d 30 the T A uratrons’ f
For v 1 ancFUUSAT 8737 (UScpihuibhed 2 S0t FA680 bk HEIETOTE BFEL BAFE o s

Intensity; LpsserhelOtkEm irz,aalro;my!a&;s ofaranheiialed ((es¥kse stdtes $oxrab&SasEdy§i Sis a
Roman spectrpym of Form |

Vertical ten5| Lower i zont al
axis: Wavenutfsase fPpRs. and foga%)e)rangeﬁ ete. %?@@PB' %I‘PU%@%% UBEHIG 6 i s
a Raman s$peché therapeuffotreatinent ¢f\disehies alayebeifound inteithei thy Mdsokier ethnbr drzont al
axi s: Wavenu - 1> -FIL.G rison spectra of
21 “thr oo T OPeEssek e, ferdt bhicalibis s it RIRRS af B ool Lt aRR Ry T egi on o
1750- 1600 crrafere(nVentuhehilethys Intensity; Lower horizontal axis Wavenunber
(cme - 1>)). FIG 8 is a conparison of the Raman spectra of all three
forms, Forml, Il and IV, and the region of |1000-800 cml. (Vertical axis:

Intensity; LOWSMABY OFTHE BWWENTIONwvenunber (cn< - | > )). FIG9 is a

;:ﬁmoarla@n oi z ggrrg%igaehtﬁ,aea%featt@ha\béx c%f&ﬁe{&lﬁﬁ? rph@F fRel1,3-4l- and lV and
e regiron o Cht erti 'S ntensi owe on

axi s. Waverfuﬁlﬂerppszyjs nwarrtﬁmmr e taésrfeaa@eg %*mﬂan“wﬁ%e ein

t hree di mensucincompuiindii$ iseful lifiheltteagnet bEPDE, drTAVF inkdjatedwistasesf or a stereo

drawi ng of the Form | nolecule 20 FIG 12 shows a Tabl e of Bond Distances in

Angstronms for the FormI| nolecule FIG 13 shows a Table of Bond Angles in
Degrees for the HAdisinventiohabuolrelateFtcx nbvel showadline phiyrherpbbof Thers3-din Angl es in

De I | I

Par amet &t o akﬂsaf By ety M Raifind rETorkd 15 BbaRer AF O WRER KBTE. i e
The x, vy, arfdisychiqomnoupd ifiuselybinthe reatmennef BREe orﬂ%*Iprsqil@ﬁeéﬁlssaseat ons
relative to the origin of the unit cell, and B(A2) is the isotropic

tenperature factqr., .30 . . .
P cirhxs invention also relates to a novel crystalline polymorph of the 1,3-di-
cyclopropylmethyl-8-amino xanthine, referred to hereinafter as Form IV, which form
20  of such compound is useful in the treatment of PDE4 or TNF mediated diseases.

BRIEF DESCRIPTION OF THE DRAWINGS .
FIG. 1 is a charactenistic X-ray powder diffraction pattern for Form I (Vertical axis:
Intensity (CPS); Horizontal axis. Diffraction Angle, in Two Theta (degrees)).

25
FIG. 2 is a characteristic X-ray powder diffraction pattern for Form II.
(Vertical axis: Intensity (CPS); Horizontal axis: Diffraction Angle, in Two Theta
(degrees))

30 FIG 3 is a table showing the Torsion Angle Tabulations for Forms II and IV.

FIG. 4 is a Raman spectrum of Form I. (Vertical axis: Intensity; Lower horizontal
axis: Wavenumber (cm< - 1>)).

35 FIG. 5 is a Raman spectrum of Form II. (Vertical axis: Intensity; Lower horizontal
axis: Wavenumber (cm< - 1>)).

|
|
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.FIG 16 is a characteristic infrared absorption spectrum-of a single
crystal of Forml|l FIG |7 is a characteristic infrared absorption spectrum
of a single of FormIl 35 FIG 18 is a characteristi cdnfidahed; -
-absor ption Qg‘ééf’{r‘%#ﬁ of a single crystal of FormlIV. -, J \0&5}12%%625

PCTI US98/ 2245%1F| 63s alarhah sae&mmafi:&%mf(véaﬁm%@rm%%ify; i Biverh&hontal

absorption spectra of 'ane él lee rystals of Forns 1|, and IV. FIG 20 is
a charact eri sEX& WAYSHMEE (§BSoristPon spectrum in potassi um broni de of 5

Form 1l (Vertical axis: Transmi ssion (%, Lower horizontal axis (Wavenunber
(cnxk _ 1 >)) I 21 is.a col(‘tlr teristic infrared.abs ti S trumin |
pot assi um br oﬂ(geﬁéfa CEPANSn \%ﬁ?@ﬁ? SRECHTE :0?# QHE?T{FO@F’%PDT’O}; ﬁ ﬁl‘g&gf |
hori zont al 5 axasd (he&erbonyiiseretching fegivn of 1750} )600 cmT| (Verfizal iasisalnednaitact eri sti c
infrared absofpti Ey\-m,g shed crystal of Forml. FIG23 is a ;
characteristi fégfvﬁ roar?zggﬁg sor p{‘fegﬁ&é%re@ﬁ un%ro "a crushed crystal of Form

1. IS FIG24 is a characteristic infrared absorption spectrum of a crushed

crystal - of Forfe |afs ElcBinpAfioh D eIRAMAL ireita F all Bied RERENREADRRAYON

spectra of a single a crushed crystal . orm | V. ] epi cts the
Form |V nol ec@dthe region efcl 0§PH0R st hs(Ventcahpxin: Intansiss \Liover berzantal aps.g 27
provides fer wast@inter dngd ng)pf the Form IV nolecule. 25 FIG 28 shows a
Tabl e of Bond Distances in Angstronms for the FormIV nolecule. FiG 29
shows a Table of Bond An les in De rees for the Form 1V nolecule. g g 30
FI G 30 shows EIG &k e compdmsosiob theRahasspeotrefjalbtwed forms, Rornhdy Fhah¥1vipl ecul e.

FIG 31 shows 0 SinhLo0R! e _ i b St andard
Devi ati ons fof tﬁgp%'—gg?nnﬁg fll@esrrjgpg@ul'éylgg{cgrr%%lﬁ?agge%?gf éh(ﬁf]zgnggﬁgl I

mol ecul e in t Wasenugbeefeionk Ind with a | abeling schene. FIG 33 shows a
Tabl e of pond Di stances in Angstrons for the Formli nolecule. -4

FIG. 10 depicts the Form I molecule in three dimensions and with a labeling scheme '
FIG. 11 provides for a stereo drawing of the Form I molecule

20  FIG 12 shows a Table of Bond Distances in Angstroms for the Form I molecule
FIG 13 shows a Table of Bond Angles in Degrees for the Form 1 molecule.

FIG. 14 shows a Table of Torsion Angles in Degrees for the Form I molecule

25
FIG. 15 shows a Table of Positional Parameters and Their Estimated Standard
Deviations for the Form I molecule. The x, y, and z fractional coordinates indicate ‘
the position of atoms relative to the origin of the unit cell, and B(A2) is the isotropic ‘{
temperature factor. |
30 |

FIG. 16 is a characteristic infrared absorption spectrum of a single crystal of Form I
FIG. 17 is a characteristic infrared absorption spectrum of a single crystal of Form II

35  FIG. 18 is a characteristic infrared absorption spectrum of a single crystal of Form \
v.



- WD 991 20625 PCTILI S98/22451 FIG 34 shows a Table of Boad Angles in
Degrees for the FormIl nolecule. FIG 3 S shows a Table of Torsion Angles

in Degrees (far Form Il nolecule 5 FIG 36 shows a Table s4/5uanal
-Paraneters ‘&ﬁc?gl?ﬂbgsr Esti mated Standard Deviations for the Fg?rlrﬂgl mol ecul e

DETAI LED DESGRGZT5GNa ©6mphfisdnNYehirh&btiste inftarbf shsBAoR8pctudi sremygrgd t hat

Ci panfylline can exi.st as several novel crystalline forns,

pol yror phi ¢ fSYSHs offiPEns Hi??%/’éﬂ\f'rom each other in their stability,

physi cal properties, spectral data and nethods of preparation. Three of

t hese novel rphic forns. are described in this appl.ication and are
nor o nat tor HaPLPDes R el Ricah e SR spikeih BaRRRHRE Bk [V 15
O the thfee Foomdl (Wetticalaxmh I rarsimissioe %) dabenherizémaalraxis; (Wavenhmber (chne
greatest stabijly Y- Form1l is characterized by a m ninum of five years
crystalline stabllity. This invention also relates to a pharnaceuti cal
conposition conprising an effective amount of a polynorph of Form|l wth

any of the cfﬁG@Qi%&éﬁérsaeﬁg%qT 41€d %semu’aﬂqp@aﬁwnp%&%mn%me%qcept abl e

carrier or diluent thereof.. IS I nyention gl SO lates to a

phar maceut i cdoMEdosrticab axis ohmansnission Ga); LOMEE PPNt FIH (WAVeBUTRATy ror ph of
Form Il wpt h (amy -af> y)he characteristics noted herein, and a
pharmaceutically acceptable carrier or diluent thereof. This invention al so
relates to a pharmaceutical conposition conprising an effective anmount of a
pol ynor ph of HEGr 22 isva chdréctenmspicadfrarédbatabrption chentmat effd qtished c#ystal nbFath 1.
herein, and a pharnaceutically acceptable carrier or diluent thereof This
invention further relates to the use of Forml| for the treatnent of a PDE4
or TNF medi atfdd &% sensharaqierstisnnfrased shsomsied spentruaod! a erhshed cristahofiFerongdr i ses
adm ni stgging to said manmal an effective anount of a pol ynorph of Form |
with any of the characteristics noted herein. 30 This invention further

rel ates to t KdGud% iR clizspdiemricreffarediabsprpsian SReRtTUBY oz (opshed SFysteket hesa BY ed

di sease in a mammal in need thereof, which nethod conprises adm nistering
to said ma apn, effecti ve amuynt. of ol ynorph of Form !l wth any of
e’ char act oG 1.5 HEutRAan o e mired POmiEPoReatth of Aol e use
of Form IV f erystdhef FoeaWent of a 35 PDE4 or TNF nedi ated di sease in a
manmal i p,need thereof, which nmethod conprises adm nistering to said mamral
an effective anmount of a polynorph of FormIV with any of the

char act eri st iF$G. HodepictsasheForm I'6 molecyip ig direddipensioy dugosttpalabdlinghi s
invention regildye froma determ nation that certain batches of

FIG. 27 provides for a stereo drawing of the Form IV molecule.

25
FIG. 28 shows a Table of Bond Distances in Angstroms for the Form IV molecule.
FIG. 29 shows a Table of Bond Angles in Degrees for the Form IV molecule.

30 FIG 30 shows a Table of Torsion Angles in Degrees for the Form IV molecule.

FIG. 31 shows a Table of Positional Parameters and Their Estimated Standard
Dewiations for the Form IV molecule.

35  FIG. 32 depicts the Form Il molecule in three dimensions and with a labeling scheme.

FIG. 33 shows a Table of Bond Distances in Angstroms for the Form II molecule.
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-Cipanfylline showed differences in their IR muli spectra.:AII bat ches were
prepared by the sanme route with ethanol as the final recrystallization

sol vent the it appeared possible that speed of crystally o 4ERY
-af f ect crys%ﬁ&?érdrﬁtln the light of 5 this, recrystallized sa%irrcf)r es were

prepared by crash cooling a portion of the hot liquid while the remnai nder
was al | owed t t and crystalli nai ded. In each case batch size was
ca. Ig or |esg1é-s§£%)°é’§ %\g?bieﬁ%rﬂz‘g@?ﬂgi figﬁ%?sg%ﬁﬁ%ﬁa@? v‘ﬁ?b:lﬁ ‘at room
tenperature. In this recrystallization program three polynorphic forns
have been positiv. i.dent gl n r escribe erein.as Forns |,

and IV. 10 Th i%‘f?r éo“ghﬁn{;@én&gmr%ﬁA%ﬁ%(%?nrég%ﬁe%ssfgf g’ea ol%ltlﬁgld)ﬁ(g?!eprepari ng
a polynorph of Form| with any of the above characteristics conprising

crystal l'i zi ngFfag.pﬁdﬁ%lu(sisa?fabwomsmoﬁa@Hrg?t§§'aHg @Gy 9@&&&@@@9&4@’ ),

propanol (sl f) ut.ano I SOpropano r an organi c solvent of
ethyl acet at ePeyiggions for thedkorm lhmolesule sol vent. water*. Under 15 certain
conditions, tetrahydrofuran (slf), and acetone (s) may al so be used. In

addi ti onal wo ] j i I er bath for use with
smal e scal e sém&kéﬁﬁ§¢§&#@qm§§&m&e@%er ature to drop from

Iref | ux t;)l(amd:)i ent Itaiaesaowmnemﬁi_smeddythét. (Dibamfy«ﬂiwc‘mheﬂlitmmjz oﬁ@veclasxtdvvlen]E 2
n a prefered_e | t . . opan s .the.s nt o

choice to pr ef)'gﬁgﬁ‘gS?gnﬁrx}lsj ﬁ%‘?’@’ﬂ@?’b%‘fa}é%%‘?@@’ dl‘#?’rgﬁ?'ﬁ%_%ﬁth?{ 0ty ﬁ%’ﬁ&’es to a
mﬁt hod of pr eplasicabprapgrtiey;ispeqstal ddta Bod methodsiof preparytiar. Three abihese novel

characteristi : r i : ic

sol ution of né@%‘gﬁwés% ,ga%rdégénﬁg%ﬁ{rﬁ% pgg%{esﬁiéh{i)? l%t?n eekér?% ya?éé‘%ﬁér@h, (s), or

25 acet one (fiespeghively, asdrarai InFeamli andbberm B or of ornt or pyri di ne* may be

used. Thig inventi of tﬁﬁéer@batmnﬁ&Ples feRirfiado @bo Rl BOIRA 1 REhiBitPRk Lr@tdh of

Form 1V wth any.of the above char eristics nprisin rystal |l zi ng
G panfylline Aty (ftr"é‘&r{i‘%"%a&?c\’wg y SRR D RS Y2 Srabiimy

i sopropanol . 30 *Dikistiovehtien giso telated tara phatmaaceatital bompdsitical compping eh | i ne in
sol vent narke i steerj * . .. for. Forml,
the recrystal |e\zg.<ti%$8ﬁ8‘ﬂ)&o&g§cﬂ?péé O\I{g}é oﬁg% ?gncfh%y Sf;t?le? hzgx\%%x,?sng%ﬁ%tg Eon was
filtered to rhareincandaiphasmhcenticativtasespsableeririena diluenttbareofnas al | owed to

stand andgycrystal | 4gg irWéBti&rhﬁs&FET%?éHB% pharmackifical §8mﬁ5d'$itmnac%n¥b?i‘§ﬂ§|a§r ein
refers to slow, anbient recrystall] thl on, It Is noted that the Term"sl ow
cool i ng (and effegtiye a’(‘i‘%‘!‘iorfé)l’oi)ﬁ’@r?'ép Forpullvathhany qf the ¢hasaceaistiesqotedr neani ng

sl ow cool i Ng KER¥in] 4W404 Miermessviadllyakcdphdl®tdrribadrtilaad tRérbofcool ing -6 WO
99| 20625 PCTI U898££ 451 On tae b?5| s of .scal e alq?ne Eagt[)r oximately 1 gm
quantities for so HIEPHOR AP relafes 1o FPhRrpRieHEca COPPISIHARFOSIPTISYE @Bol i ng
may actual | y dffectjué amo@msif a polynirorpls of Forth BV $hthtany 30theiaboteechasastpeistidsonever ,
under conyr ol Lrcu . i LS.- er. } ned as
appr oxi merel y*%%%ﬁg? R e R s i i
sl ow cool ing wi | | Tbhisapisnton fusther selatesdmibgesetofform I fonthereatmentefra ref l ux to
anbi ent . UndeppEHes eNFOomiihie dse iRk rlaniBM iRh&R RGeS hRIcAStktidiom et hanol
as described later in ,this docunent. Hovveveﬁ, Sl mlarfgl under tge ?mall
batch sizes i$PTRIHES eq‘mw%ﬂ@ﬁa%wﬁeﬁw%éea FEive pBIoRRY Of atwiwe?rﬁ REFoIEy | ow
cool i ng) routlewith afpbf the chaaeteristics aofedlhepdin.e sol vent | t enperature of choice
for Form,j], It is 0.not ed t 1 i.th regarqd. to e use of acetone in
f ast cool3|0ng (1. eat@é gEnion ﬁ’%@%@?ﬁ%&gl&ﬁﬁ%o&g@&t@éﬁm tﬁaﬁq’?@&’?gnal ysi s
al so i ndi cat e2DEhar TiNemediated aliseass inadmmmalen fieedtthereef] iwhighmuathad i s not
necessari | i I, i The (fj
y a%cfn%ﬁsgphé"rpe ﬁﬂergéﬁt?lgtt{)ggﬂﬁ’r%ﬁﬁéf a8 eRbctRAADEnd Wﬁ@%ﬁgiﬁ?f (f]

termas used hereinr t,. crash cool recrystal such as
15 by pl aci ngfemelliwigsany of the chagacseristies nRfedhersin. si mi | ar t echni ques for

| arger scal e proceyhishgrentdbieffthbNfetRest0\the usel of Forth TVITSr the kieaidah st Of

G panfyl | j_ne, SO rélﬁ}:err&d to.as BRL 61063, alt Helt a .gbou 05 C to
about 313°C por dNFsmedipterd dissasey g mammat 4 pegd thergef which methadyr acteristic
X-ray powder ¢binigrisas hdrminispaingao Raidinidmmdl anaéeetivieSitoanisfakisol g @ihR 96 Bormd

;pggillngs(g\)ep:@{g% faﬁgsé:f&% cifg}a%{%%isttiég)no?etd hle%éig’.oz’ 7.702, 8.532. 4.289, and
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-discussion of the theory of X-ray powder defraction patterns can be found
in Stout & 25 Jensen, X-Ray Structure Determ nation; A Practical CGuide, Mac

MIllian Co rk, N.Y (1968) The crystalline polynorph, pdd{§slhast - l
-exhibits a c%ggégc%ge)ri stic X-ray powder diffraction pattern w tﬂb

clzga(r) Sit eg i % ic peﬂlﬁﬁrﬁmrmsﬁﬁts@ro%p@a&emﬁﬁ)odtaatct%%mé}ﬂs3@ intensity, at

, . 3. 773,.. and icted FI G 2 This i nvent| on
B a0 rel ot eCbElme o fifiefaces i eg Brmil Paegirs. Allbatchi were pispares

G panf yl | i nebytthataras mufwwttherhamhasammrai md/sbﬂmzhﬁ@n mlyet aherplareaitet er s i

e o By RlRgb s Bk lpelt bR SARERN DS AR R To B B of 07 L |
t enper at §r esthis, r?crysta!l@e&gwmmﬁﬁdpmm&xwmm_&pbﬂ@yﬁﬁbd hddmadet er s ‘
of Form I Cr\Vllﬁfeaﬁ ’?ﬁ’@gﬁ* 8121 alﬁg@éd tg%@m%ﬁﬁ:rﬁ?ﬁ amze Qngiﬁgé' Hach cBsepablenl?2 X O

08 mb Crysta orl essSpace
#2Tenper at ursZedgsKael g o ﬁﬁst%ampéesavefe doe Q@r(séx):@ gd tmdslzvaessar(nzqt.rqm =
5.105(3) i al pB@Apdrature: ﬁﬂhﬂ%nﬂ%lﬂhﬁauﬁﬁg}o gram! theed(pbl c(f‘dr)ms have been

=83. 84( 3) Vol une: 685 5 Mol ecules/u I p (calc),
Densi tyl. 35190@“(‘5?%’3‘}?“%‘ %‘Eﬂnéﬁﬁequém 59@"2%?% EI|I|an ystal Par anet ers of

Form Il 1Qrystal Shape (mr) Rect angul ar bl ocks _ Crystal Col our : Col or | ess25 |
Crystal Dinmensio

FLhcel] Comer ant ciiecetdss, Bisinvepidy dlsd JefRERSS el 7 p§%"(’§}atp°§'(5%‘?r5}f‘|8f(a) _
90 (4)beta (Ferh [-witivar§sdf4hgahove charcterddics Fafopusingl G4 &alligiay Qipardfylline in

i Mol ecul es/ yni V) /; C

1F( 000) 584 %‘ﬁwﬁ% %%‘%6@@‘?@&@ ?’? é?ﬁ&fg/{) %’é%’é’gfrél % lﬁﬂfﬁ&ﬁggg@ %yst al
Shape (m) Flaatorg?@wscé@tQfgtbylapetw(sém@mm o 95 @y § selyentDvaeRsi URéT. 60 x 0. 10
>1< 00228( g;sﬁgfeggm@cem?énst Eétﬁhy&bﬁnﬁ?@mﬁa a&a&&@ﬁ%@mso@g%&gﬁnt )sgefa (3) |
97. 95(4) ganma (y)lnaé tlséa?m%%| %ﬁ‘rﬁ%@“f‘gil‘%?)'“ % Té@hl%’s‘)ﬁ?ﬁ?‘ﬁl%ﬂ (2) 2p |
(C?: Czj DenSlst&sa?ﬁge?/tMrﬁf)fo? t%a&fﬁnk%ﬁﬁ@ﬁﬁ@ﬂf&oﬁm@h ?&Yu%%aﬂngﬁw }”"th :
ce i mensian i s defi ter ength of the sides of the
cell, relat |t®§e 5 Pég"%%yé%'&tet"ﬂ&egﬁl %%f‘ﬁvoﬁ% the volune of the cell.

The Iengt hs of tﬂeas:refeted@fnbbdmennofthlseh\}'enaong ldprfopamal idbshe aplventasfd c¢. The

rel ativegang i : @%i ned by al pha , beta , and ganma.
The vol g?re o#‘géeﬁ%f%‘tep é?’ioﬁg@r@gg A nore detailed account of unit
cells can be found in Chapter 3 of Stout & 3ensen, X-Ray Structure

Det er mi nat i on; Aﬂﬁﬁ@érﬁ@h afstirél§tes WEmMHoH'd?@réﬁﬁnng N%\Mymrﬂfh ofNFormi #1968) .
The crystalline state % a conpound can be una scrl bed by 30
several cr yé’f1 4"&5(}2 oﬁéF%‘%‘?%‘cs ERMBPIISRg Gry$H B%Hba‘br oup, and

atomic an Taihoeholmfso&ltionaif(ﬂimhanbl(i/ﬂeoﬂmmumld lsﬁl@l(zjxﬁtdf‘lﬁrﬂ@(djﬁogﬁaﬁ(s)g?m of i tsI
unit ce These ter ar e erl al |y et ne Sk ngl e crysta
Xt ay afdi yeraons (7] ORGSR cBpd g, RS oS EI A sBh "Sne tvpe o

crystal . These different crystalline forns are called pol ynorphs. It has

b d :
now been '500¥ﬁrr§%dwa&mmas5?e1§€e§t§ mel g‘%gypéﬂa%ig%%ﬁ{fnrdﬁﬂe Hﬁfﬁg’fe crystal

C panfylline I scovery was con I rme
X-ray anal ydyith anp of gheaboy e Ghereteristies cAMRnEng grywAlEng Cammtabiae ypte groups
of these thrgganfersohlent bf SESGmpieE Flethaiblid iddpropaibes 1 to 3 above. -9
30
*Due to the particularly low solubility of Cipamfylline in solvent marked with
an asterix (*), such as toluene or water for Form I, the recrystallization procedure
was modified, i.e. the hot solution was filtered to remove undissolved material and
the filtrate was allowed to stand and crystallize out the compound.
35 The (s) term as used herein refers to slow, ambient recrystallization. It is

noted that the term "slow" cooling (and "fast" cooling) are relative terms. In this
particular meaning slow cooling may involve removal of the oil bath and air cooling

-6-



- WD 991 20625 PCTNS98/ 22451 Plotting the atonuc positions,—for the three
pol ymor phs, of the atonms derived fromthe single crystal X-ray analysis
confirms thygbdisuess Ystals contain Cpanfylline and no other p@lgsighes: of
-crystallization or inpurity 5 Figure 10 depicts the nolecule in three
di rensions and with a | abeling schene Figure 11 provides for a stereo
drawi ng. Overall, the nolecular conformati on observed in Form1l is
identical to that of Forml1V, with the exception of a clear disorder in one
of the cycl opDophd bagis @fipald Abnf@pokiZnaneld 1 @i d)antivibs fon soms erzrpdﬁﬁm with two

osi tions of I (o] f : ' ree of
!to hermal noti o\ﬁeq%h% t%@%&c&lc% Z g?gai/ m%)ga%?ﬁ }g ﬁ@ltﬁaﬁg Q&}gps ?bf)dl%g
suggest s t hattoiX0 mmytelrangsx pHoveweri ngjoecgmtmlhdtcrrgmmmamdemlm codling iani t cel |
of Forml cry, %etn@}aﬁ H@ﬁr&ﬁ 2k} r%i‘ﬂﬁtn{l?[)ﬁ@ ?3 hBQlafroﬂfrei'l:@{m J\leﬂr%crrt%ﬁi Lyg | ar

cell dlnen5|o a vol ume q 9 and correaf Y, ensrty 15

reduced by 0.Yerggloneapling mill beyappraxigatelf framrabout four () VRAUX t0 he

Er; gsence gf ingtséfle Utnﬁer thBg c%thallnaﬁi nymrt thiy@sd%%ﬂiﬂ?@cpﬁb?%&luﬁﬁaﬁccup%’
rogen bondjn IS ys a cture’i nternol ecul.ar in nature

e DoCs 1 eshnedial R o6 Yalhend | HOBeY sl undes Ui aRaIeh S Ror m v

As in the Forssme\6fZRe arpeumt:mtsesedtfoeFmsltth@aﬁam (s1b& o@muﬁg) rbmnog@ns are

i ndi cated fraqom.di &%lerea ge O LL S el eagtrr OF enstLPt%g maps pos ?n of

H2N2 is not JBRET Plerfolen ‘SE\PFE 4rp SF PRHCPr FRUE h{;‘d 8H°e

hydr ogen IBond%/iﬁgrergmtdapabdusymf aﬂctdnesmafamaodingﬁBgﬁ(e@fgnlmthmenl-‘mhs N2 and

G5 In Form | e Vihted WA ad RaiRASSIHAL dd of s8lio ﬁﬁd’éﬁ (hE! A6

anal ogous to t serve structure, nce 25
observed in tfﬁp@ ig mtrﬁepessrr&hgérhabgr solvantAgmperaBIe of Vlrrice rﬁes'rmll on for

H(2) N(2) was cal cul ated which woul d sati sfy this hydrogen bondi ng

i nteraction, and ts were nade t efine it e ther val u became
unr easonabl e | arg heéﬁ&a%%?% 3gd theicein F?Fé H’a’taét 8@591690 §6‘ﬂ5§5i‘l¥mactﬁ’i“ssuc

al ternatil§e rhysplamrfgthe Tllsksin taliee weter batheortsimibes technjgjues fodf lavgbhschlgN2 in its
original | O(r:r@%&gm i ndi cated by di fference Fourier synt hesis. The 30
associ at ed trical=details of the other two hydrogen bond are: H bonding

at onsAt om at om di st anceAngl eN( 2) - - N(1)3.067(3) ~H( 1

N( 2 - N

IND) N Bebdted 8 miiEbdipdep M?ﬁcmg&@e&r SE P
V\D 991 20625 rﬁﬁ#@é@@r Qlimkﬁawt?wtﬁ%a@dt%aeo , Figure 26 depicts the

nol ecul egpn three dinensions and with a | abel | ng scheme. Figure 27 provides

for a stereo drawl of Form |V t.a described in this section,

crystals of Form| W@"WW%E’%’P@QP 3%“ éla[ﬁcéerﬁflc ﬁ’é(rﬂ?l‘”d;

i sopr opanol tdyﬁiabtmn manemowih characténisticipeaks &xp;esmllclsspatmgcmm;i decreasing aI SO

grovvnfromth t rmd |n to nucl eate
ﬁtéxcxﬁ?t smps,g@t P?; & ¥44 1 J58 {He d3, §%{ Xssé u@e&‘ﬂﬁ% -\

first, with nee com ng Ion ‘has "evaporated for
several days disoussion thbm@eWIcﬁéirF@rp%’&ﬁ dr:ﬁmtuooma@g@eweue found g Mrom&j s
very simpkar Jéx%eh h@Ra?“Str%@fd?é b'eten'ﬁdaﬂ@r'r %Prd&héil@u‘?d@ﬁarﬂﬂﬂh%&eﬂ%&at ed in
the rotational ﬁ(r)l aéésgn 10 of the cycl opropyl groups which display a
nearly enanti | ationship to their counterparts in the Forml]l
structure, as surrmarl zed in the torsr on angl e tabul ation Table 4, and shown

in Figure 3 herei d I str efor Form |V
is all internol ecmhgwxsﬁa(ﬁ%e§°ﬁg? ﬁ "Qi%ﬁr( ﬁf‘raftﬁn %{%ngﬁeécr fic

i nteractions dnfﬁ'actimtpasteermthrcﬁayammsnc@eMJ expreadsedf dbspaning (Abru'odiacmsmge of the
Lo Nyl 99°NSmflar 1B Ce o2 3 B4R AIMNARLL PR, AloidibindiE bl 0N fOr H N2
in difference f erence Fouri’er electron densit he position is not
consistent with the participation of that hydrogen in a hydrogen bondi ng

ihnt eraction. A di Slt}ﬁ’s"iﬁeerﬂf)g&sa?éét%%itoﬁrﬁ rﬁtﬁglsﬁra h%ﬂ?pﬁn t&nEW%ﬂV 20
owever, sug SSi of a en bondi ng i nteracti

anal ogous to%fm@@asgw fjr‘ﬁl‘?ycﬁhﬁ’iaf’ﬁené%/ F@’S‘%Pi‘ LR5S Ppraings g’PH‘nce
oblser?/ed in tsivgte dr?ﬂtﬂh)(«ﬁa))l@mﬂrogbaph&a&hly%ams% fmlsht'l‘gbiesfprz dri_liNZbemd

cal cul at en_bondi ng interaction, an
atterrptsg\jr\/em@hﬁgdﬁ?yr%?arrﬁs %’{?l ec{eﬁ@tg‘ﬁé‘rﬁﬁ’ae"\?ﬁ‘i e%ecarre unr easonabl e

| ar ge, suggesting that the data do not support this alternative 25
position. Thus the refinenent was conpleted with HIN2 in its original

| ocation as indicated by difference Fourier synthesis. The associ ated
metrical details of the other two hydrogen bond are. H bonding

at ons At om at omAngl edi stanceN(2)-_ - -  --N( 1 )3.042(2) ~H 1

YN(2)-__ - - - N 1)2.10(2) ~173 (2) N(3)----------- Q5)2.731 (2) 1~HN 3

........... (5 )1 91 (2) ~160 2)




-Sunmary of the hydrogen bonding of FormlIV -11 WD 991 20625 5

PCT/ US98/ 22451 Wth regard to Form1l, Figure 32 depicts the Forml|

.m)l ecule in 953962§i mensions and with a | abel i ng schene _The Wnﬁ)@ﬁﬁﬁl )
bondi ng for thé crystal structure of polynorph Formll, is ail

internol ecular in nature. The associ at egapggeri cal details are: H bonding
at onsAt om at om~ Angl edi stanceN2 ------- S ~3 0§9(3)i Angl e

151(2) HIN2----0S2.26 3 ~rN2----- _C_ryq@fagamtg)sio ﬁ@'l”él 137(3) HZN2----N 12. 41

3 AN3------ OS2. 7413y stf\BNape (rid):2)Rti¥dreedleS1. 90 3 ~ Summary of the hydrogen

bondi ng of Form Il . Thi tructural, inforati.gn clearly shows that Forns |,
11, and IV of Gi paﬁﬂ{ﬁ‘iﬁi mengins, | |1 QF&gPdff’ng%hi cally different. The
hydrogen bfndi ng i Credtdl Gdler f or ns Calodlest er nol ecul ar in nature, and all

HIQIE g}e- poss(ej'(sz} hyg%gg&éﬁ&g: n%e{oglt%&glﬁé?#nyl\l( Z?ZI atngl{eél) egn\cfivere grown by

sl ow evapor ati on f Temperattirgt ur e of298Khyl acetate 15 and butanol. Lattice
paranmeters were depefiHpasdnids’ 0M t e $6k4d pgaangl es of 25 refl ections wel |
distributed in recit%ro@ca rslf;ace rrga_su_r'edég_% an Enraf Nonius CAD 4
diffractoneter, and are further d®sTi?B32)h Table 5 below. A full sphere
of intensigy data al so were coll th£§i,1gg(t31)}qe diffractoneter using gaphite
nonochr omat ed copper radiation from,a, rotatin node source and an c~-29
vari abl e speed scan techni que. ZOaH}i’Pé‘ﬁgi"ﬁdeégé three nonitor reflections
measured at the beginning, end andeav@)y AvE3(hours of exposure tine changed
assess any orystal moversnt during*PRE GRoE PG “Data were correct ed for
Lorentz and pol ari Yalumm ef fects, 6808(®&)shig the DI FABS al gorithm for the
ef ~' ects pf absor pMF}PéblleB%q}f'&gl@ obseyvati ons were averaged to obtain the
final 25 data set. The structurgz)was SOlrI\;/‘(éd by direct nethods using the
SHELXS pr ogr am ser P €%RlC)ADSMIY posilt3Sdécmisre initially refined with

i sotropic tenperatyre factors and7gsggliently with ani sotropic

PCT/ L S051 22451 | FOODI( Fo i - i 28 1')2 | Vel ghts, w “were sventually -
assigned to the data as w=11a2 (fo) _ {62(ic) + (0.041)2]. Positions for
t he hydr n atons attached to nitrogens were discovered in subsequent

di fference Fourier maps. Positions for hydrogen atons attached to carbons
wer e cal cul ated based on geonetrical cdddildeHati ons and held faced in the
final refinement stages al ong wichsiheRlhaRefs fETRRAAt Ure factors assigned
1. 3(Beq), of the attached atom Hy ?ogen at Qs on t%e cycl opropyl groups
were om tted from ¢&rstal shanedmmy | Reptangardiloeksdr ogen positions were refined

al ong with isotropCgstaTBRyuat ure Catdriess. The full matrix | east-squares

refineme conver x 016 =0 V. es of the conventi onal

crystal | dgraphi c ?‘g is%ﬂglrgerﬁpn@._ Og%%)’i/\é?g&-xé) M A final difference Fourier

map was feat ur el esSpacktGroopxi mum B2ngi mpnaedlinie/#140. 285 eA-3. Val ues of the

neutral atom scattgr| ors re romthe International Tables
Gol iRt 200 G

for X-ray Crystallograp -13 Table 5 Intensity Measurenent
Data for Form | b= 7448(2)A
c=14.946 (8)A
30 alpha (o) =90 (4)

beta () = 97.95(4)
gamma (y) =90(4)

Volume 1348.1(9) A 3
Molecules/unit cell (Z) 4

35 p (calc) Density 1.356 g/cm™3
n 0 896 cm-1
F(000) 584



- PCTNS98/ 22451 Di ffract onet er~Enraf Noni us CAD45 Radi ati o- CuKa ~, = |
5406Monochromat or: G aphite Single Crystal Scan Techni quecu-29 scanScan
Speed: Vari allgghoed to 6 7 deg min-1 in WBackground Measur enwpatralsbs/izas

-crystal -nmoving counter at each end of thelOscan range; scan tinel background
time = 2.0Range of Data.2 _< 28 <_ 60-125h<_ 12-14 < k _514-5<1 <515
St andard Refl ecti onsThree standards mzalg%{zgci every three hours of x-ray
exposure timeTotal No. Reflections;Z3 Hni queRint: I .2%0 No of
Cbserved Datal749 I> 3 a(l)No ofrytl Pahmessrd 00BOTMOAR. 0. 056%Rw. 0. 092925
Goodness of Fit:3. j .0n: 0. 868 mn 1.254 max 0.991 ave
The conpl ete si nglgﬁétr%?g?%ﬁgt(@‘paﬁgﬁ%me%ent al data used to produce the
structure i spl aye€ristl €plar 10 fokolpBesh | is included in Figures 12 to 15.
The 30 paraneters prR&EDIRshsionst hged &0 BSx 8108 masured in units comonly
used by those ski I#ed 1(1';} the art. ![Arrﬁr.e etailed discussion of the units
of nmeasure can be PRATRETPY | nt er nBt IMEHAC *Fabl es for X-ray Crystal | ography,
Vol . 1V, pp. 55, 9Pempet®ufd r m ngh2dsK Kynoch Press, 1974, and G M

Shel dri ck, SHELXTL I nual , Nic strunent Co., 1981. 35 - 14 WO
991 20625 Form I 1: EE@%)‘SZMM aﬁgbgg%zﬂl r plates were grown by slow

evaporatildn from a sol ution prepared3i?3t®thanol / 2- but anone. Lattice
parameters were determ ned from té1§4'sﬁt2?1§g‘ angl es of 25 reflections well
distributed in reciprocal space neasure n an Irnraf Nonius 5 CAD-4
diffractometer, and further descripdo) = 9a8F)6. Intensity data al so were
col l ected on the diffractoneter lgeitangg)gggpgg(uy nmonochr omat ed nol ybdenum
radi ati on and an c~-28 vari abl e spee a hni que. A correction was
applied to the data for a 4 8% deé"gﬁ%égl:ﬁ?’bﬁg‘)i n?ensi ties of three nonitor
refl ecti arss measur¥dusie t he begi ngti7nig5) &d and every two hours of exposure

time. Three orientgtjo onfrals.10 al.so were nonitored to assess any
dEIPleER TR 2 o

crystal novenent i ment? Data were corrected for Lorentz and
pol ari zati on ef f ecp éalcABdnsizi ng t haSOe/EMBS al gorithm for the effects of
absorption. Symmetry equival ents ppsh zonal reflections were averaged to
obtain the final data set. 15 The structure was solved by direct nethods
usi ng the M.TLTANSOPRogr am seri e2¥2 Atonic positions were initially refined
Wi th isotyopic tenperature factors and subsequently w th ani sotropic

di spl acenent parangters. e functi m,nim zed was ~W, ~ Fo. - ~ Fc.~ )2 .
Vet gt o, vor e oUtrRAel  TaersiOg it detingd P rge paraReress Leng ot e 5 O ool | o)
+ (0.04n2]. Rhsictll, oelstivieaingleh of tiyeirio gath athemandvwhe eolithedif slooseatlr dtheilengths
subsequent di e [ OglL Lk Qn i i erature
factors for a%tﬁ%ﬁﬁ& rfggg%mt:{eg%pg%ﬁﬁzpﬁgahgta {‘1‘? g‘e?ﬁ%ﬁﬂ%“‘éﬁ)&é‘é‘%gbfﬁée&w

cycl opropy! rdidrgar ed by alphal, besa r arfd gammaoEhe yalnme fof thegell indafiaed a5 ¥r ogen

atoms verg cah ehratiediideResh ds dfi0 BBis chh Bk fSRBSA @ﬁaﬁ%}e 98 Sevve sRhéknf | xed in

the final refjnenment staggs along wth |,s?tro ic te rature fag?tgrs

assi gned 1. 3(BeHy Buctyse Determinatien &t Peackea GH‘FE@’ Mac } 6% NeWsYor&quar es
refi nement cqn,\her(g%@,( max Vila = 0.005) to values of the conventi onal
crystal |l ographic residuals R= 0.044, wWR = 0.054. A final difference Fourier
map was featureless with maxi mum density of +!'- 0.196 e~-3. Values of the
neutral atom scat t’Bre orgstilhe svats ofie cempakrahcahrberantinbiguotsly descnibedly Tabl es

for X-rawaCry, . i pale c - :
experi ma)r?to al %g@gi %g%@'m%apgfé %&gﬁetgﬁ%ﬁeﬁcﬁh%og}‘ss Fﬁé g%/g’l(f '%h&rﬁya 282 for
Form Il is irRasiigacfahammsun the @mpoyndeelativgdo she emgin of s pribedhtBEse n t he
tables are Mh&ersiafe sipefifemtafiTBAL RGeSy dYplé BYSAI Xiial hRdydid) ke art. -15
WO 99/ 20625 Tabl g ? I nt%MrE’sbi t asur ement Dat%lt fag{, For (n&’,i,l B fﬁf ract onet er ~
5 Radi ati on. Possible for a compound to form more than one type of crystal. These difterent

crystalline forms are called polymorphs. It has now been discovered that there are

35  three polymorphic forms of Cipamfylline. This discovery was confirmed by three
separate single crystal X-ray analysis. A comparison of the unit cell dimensions and

space groups of these three crystalline states are shown in Tables 1 to 3 above.
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- Monochr omat or ~ Scan Techni que Scan Speed: Background NEa-;urerrents 10 Range
of Data. 15 Standard Refl ections PCT/ US98/ 22451 Enraf Noni us CAD4 MKoc -,

= 0.71073 GyabibesSingle Crystal c~-29 scan Variable 2.50 t ecenssizgsim n-1 !

-in w Ming crystal -noving counter at each end of the scan range; scan

ti me/ backgr ouRtbttingréheat@nid pdsriond Jorthe 6itre® golpmorphd, Ofkthk atofhs-demved frdm<_ 17
Thr ee st andar i - g !?i -r e g {eTotal  No.
Refl ecti ons: 2g%§%%gﬁqa§e%&é{&lgé§ &gg al&?;%%&%@@ﬁ?‘%@”ﬁgﬂé
a(l)No. of Van¢aifileemalgdes®fonRtalizaddyer Rpudit 054925 Goodness of

Fit:1.403Extinction Coe$~lcient:7.869(1) x 10-7Decay Correction:0.9769 m n,
1.1374 max Form | V= 30 Fl at needl es were g‘r[ovm by sl ow evaporation froma

50/ 50 mi xture of eFlawdI0 derictsdbpmelssulsin threg dimgsionsandwidaslabpling

determ neld frmhhem@r&gmgr@n@ésgar Qigte?l\?? dr@fvin Cfgx@l;%l, gbﬁlﬂxolai@drritbut ed ijn
reci procal space neasur on,an_Enraf .Noni us i f~ ractqneter,. an
further desch‘H@W%‘oﬁéﬁs%‘V?d mZF Rt Flss‘ﬂ?fﬁﬁcé Bt "rtr??( EREn{y, H’é}g CAXEHYQR e

col | ected on bfecldarf disardernene of ti oyglogranyhgrioepsi@uand CoZraidd 1 Dophieh was
radiation 3 $_fr, . ting. an ~< variab pneed scan
{ochni que. -1 nPRREH RafhbB iRl Bf €Ul AR oPLhch of ifked ok rip BEA

begi nni ngl0 endegasriofshermyal masionan the asherepyploprapy! grionp (athms §46 abg Caf) nost  +/ -

| 1 % Three ogj tHa? % d Qlneridd B FSiatid Gl fl 991 20625
PCT/ U898/22451g209§r§?t 3redﬁ§gg asgggs a crystae{ movensnt duri ng the

experiment. Data were corrected for Lorentz and polarization effects, and
oaui val ont s and Fro o o] o St Dy ahle BAShOar Rk IR of RUATRLIME
data set. 5 Tﬂ@ﬂ%&ﬁeﬁéfw@%sageﬂﬂmpf@%f#%arﬁmmzonagsgﬁgaldﬁ@nwaxs
program s i ]?ﬁdudb‘dwyi @é@g)sﬂnt3.0AB ofettese effidcts ark Erykerepfﬂ:grleig}mb?ﬁbsbmtdfopi c
tenperature factaors. t sotropi ¢ di spl acenent

par anmet ers Thd;}S rgﬁrclf‘ ;%g%c%%ﬁ?ﬁ?fég@m\%g\ggwhoﬁpégugs Q&Epﬁc ~)2 . Wights, w,
were eventually assigned to the data as w = 10 1/a2 (fo) = jQ@(lc) +

(0.041)2]. Positi ng%{g tEn g?ﬁi@ﬁhﬂﬁ%@sﬂlgﬂ;ﬁctﬁ?éigﬁ@ eﬁﬂﬂé}hfaf?%fa f/gﬁ')een

di scovered in subse ence Fourier maps. Positions f

atoms at t acheld SUlagyB LIS Ppectis maragtions i Hehicenint Boranl e upaindbe BagedVon
geonetricpl comshIerak ipesifio sl the bflind ydfbdehs hleenditdied froRidifRERBFoali@gesS
along with i segtropl tenperature factom I %r(l)ed I .S%Eec‘%h of the attached
atom All 15 SR 4EPHIOTRRS pbaS RSy 5TTOR ERSIH J IRt PATLEPAOBi ¢

t enper at ur e fefahatrtsdragden if alhlydrogen bandigpistersqioar @sdisahtasBeIHo(Pdnver ged
(max d/a = 0.,0 tq val the co ntional crystalloegraphic nesiduals
R0, 049, wr byt AR N P03 Faff oasl Plaseintht ResBHiPEA BeC3 W T
maxi mum densiinterastion/analogausstoghat-abserved inckorof I istractnes, aktkdugh thendigamet er i ng
factors ware - id ' a kit

arystall Gor ap%b";‘?"%’?d A8 (354 PE B 8.4 lgstind SWikH ol gbiidhs EPHN() was
calculated which would satisfy this hydrogen bonding interaction, and attempts were

made to refine it, the thermal value became unreasonable large, suggesting that the

data do not support this alternative position. Thus the refinement was completed

with H2N2 in its original location as indicated by difference Fourier synthesis. The

30  associated metrical details of the other two hydrogen bond are:

H-bonding atoms Atom-atom distance Angle
N(2)--mm=memm N(1) 3.067(3) A
12613 () u—— N(1) 2.16(3) A 1733) °
N(3)--mmmmem- 0(5) 2.7933)A
2 I\ (() E— o) 2.02(3) A 165(4) °

Summary of hydrogen-bonding of Form |
-10-
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time
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Fit'
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2. ORange of Data2
15-5<1 <515 Standard Refl ecti ons:

< 2A <

Thr ee st andar ds

IMERSIANS s :

@%@W\{ﬁdvnﬁbslfak 56térdoair3wﬂ1 lof |F@rm @‘f/
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Figures 28 to aramnet ers
units commnllwcbé@(ﬁrﬁywth@gedlmfl

res

crystal X-rayeaiaal g4 g SOREMRI ltné%n%ehmr%onﬁﬁmw@n By

Crystal | ographi

crystal placed Int X-ray.beam

crystals provPdes Oﬁgﬁﬂ'@:ln
crystall qoe Q;mmm
9|2&§g
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- WD 991 20625 PCT/ US98/ 22451 prepared using a Spectra- Tech—nucro- Sanpl e Pl an

(a conpression cell) fitted with di anond wi ndows. A stereo m croscope was

used to obsgry ‘3/25%‘3 behavi or of the crystals during conmpressippfsdéias:
-conpr essi on,

of t{leI mat ferl al adh%lre Qo 08 Af ngmae 2 YpNAOUR - FoHR I3 RRMLR 1ﬁ’fthr§é ngl e
crystals O

, V sho s difference and are |
readily disti ‘ﬁ&’ﬁf‘%ﬂ?ﬂﬁ"ﬁ W‘%lh‘eiagehé‘gé najf:}feg}i’ﬂfoﬁﬁp PE?‘B&?‘Eéﬁ‘F ﬁry,st@] ative band |
intensities batuaraof pelymBrhfeeinld ioll &nemloe::auaymtmh&eofrhEaﬁsﬁexatedand Il and

t he correspondltng%qil;aectra obt ai ned from pot assi um brom de di scs; these
di fferences 186 fﬁl'ﬁ'ghout the spectra, but are nost obvi ous bel ow

1700cm 1 I5n particular, note the difference in relative intensities of the
andg@Blafom 1 i Nl Ah§espectrajof Form I, and the
bands near 1540, 1420, 1260 and 1060.cm 1 in th spectrajof Formll. 15 The
spectra of arushed crystal S are ?9” simlar to the correspondi ng KBr disc

bands near 1530H35,4@n31,?,§93

spectra. Thils—-s—net—sur-pr+si-rg—Si-nee—both—erushed—erystql s and KBr discs

represent alINetee@sSar ori enS&4PGHA. I n nanyAnglséSI(aafequate | R

transm ssi on gpgoudpscrystal | Q.Qg@grrpl es can onl y be achijeved by crushi ng.

20 There is Oor—Ccorrespondence bet mthe—stngte—ct il and crushed
rfk& %rer

crystal spectN&-of-tdrm iV, WMOAIBM nost ny e 43 7@ \ce occurring in
the regions IHQLO2R,) 1260-118Q,33800-920, and 800 -750 ¢m 1. However the
crushed crystat——SpectTa of Fpnm IV are vVery jsimtar e crushed crystal
spectra o_f |P-m1O3For thes n2|7ﬁzl(§b§

the presence gh3thgse of formlobg3)RS by sl ow evaporationjform 50: 50
et hanol ;. i sopropanol and S B8BTS T FormIV to Form
i s perhaps not surprisi ng,‘%‘?ﬂ;’%%gﬂpeyhﬁméﬁg gfy'ggyy {[actl on data

i ndi cates that nol cular cofor 10 defro or| |nthe
cycl opropyl group B@eﬁa%hﬂ?aﬁg%i)ws{w 3#9
i nt er act i ons)Ciparafy mmareal ¢myist@lingnaphicalin difiexgnt. | Bhe nydregen hmdmg\m alhthe one of

the am no hydbﬂ@a@mteﬁn&&ulaavmﬂ:at@d arm dMiife poBseROMlirogen(Hontimg Befidenst s Wit h

Form 11, __g_I_ILI lg)ﬁgﬁ _____ were found to be i nvol ved) These
findi ngs reI ate vvel I e co%cl u5| )ns drawn fromthe single crystal
infrared spectra of the three fornms, where the N-H stretching regi ons of
Forms | and IRgpafighetital Détails:and different to FormIl. Forms 1 and IV each
have a band near 3455 cm | which is assigned to an unassoci ated NH 35
function. In a this band is absent and it is clear that all hydrogen

donors are | nvol v&datmeedﬂydweggno\b@bgﬂlsm evaa@ranoN\EonQdﬁB@%oP URtit22451
R Spect 8 Oland b8, TN By flek IR bateNANE PERII SSOIOEHANedS! fer ent

|nstrumen s are si'm e regio cml. This

can be expl alrﬁ%@tlbys well distributedrin eefc:fpegq;aé spate depiured pnen Epead NoamwsfCABrM |V i s

present ed herﬁﬁﬁct@ﬁue@r%ﬂdearéﬂxrﬁxeﬁé‘escnbeﬁ\{n%ﬁ&ti @elé@”&”ﬁ;@@@%é 8f intdnsicpr M8 1,

Il and IV are also shown _herein as gures 4 to S can ar | y be Seen,
significant dRE wer@§08§qt§4 orbéw\ﬂ@@ﬁctpn@tew@eg EEAPHIte meosoehipmated sopger

al | owi ng therradlmd@xefrdsxﬁ&_dbtavmglaﬁédersgurcefmdan Mmﬂﬁble\épeéﬂ"'ﬂ:@ﬁ t4vhaigaelr € has
been ShO\Qlﬁ uri er .so cl rcunst anges. to COI’IV(&< t§10 Farm | he(rief Orﬁw
convent i gHal 'RERTNESRY thise MANGLTectinns measured af the Reginype, nd @ad egsry (P o

mul |, may nothobs dffeepdsusé timayhdnged by ai mostn#hr arl%zl ‘Blree brientition ctdmmlsmbiwrmr ph

as the 1o uohyalold 3SLEE L9 ARRTORELRLC, e Bk ShYakale ;30 abl o i no

a good quality spectrais prOV|des or a quick
met hod of di sbitaged §¢n1nyem@|an¢ polarizationreffests, afnd@mneaw&fmﬁ‘s algotithgytfor he

need for SangheeRiaNa a%tsér?ﬂon SRESH Bnt s Erv A W@a&b?h%ﬁ & ogﬁi&ih@ﬁﬁhmr

2000 FT- Raman spectroneter equi pped with an | aser

The scanﬁ?ng daBrf8t-t i ons were 64256 scans, quartz beansplitter, 4em1
resolution and I W/l aser power. The spectra of 20 Form IV (Figure 6) shows
a significant ano of Raman scatter,from l. as al...dhis is seen as
an under|yi ng cra&g‘eﬁ'?‘ﬁméeﬁ'f’% VWWW@%‘@%@%@T&’?E@% PHIEEE only a
m nor contri BatiesorAtboud pesiticels atere/ mitialli néfered evidhismtapic nperiture factansdndl

i 1 for ences. AREEHY %“‘%eﬁ?ﬁ%ﬁ.ﬂ?l%%‘“cﬁﬁl%eﬁ*eﬁ#%?mﬂe#he Bivictn] PRRRRATCHE,

region, 1750- 1600 cm 1 (Figure 7) shovvs £he nost narked dif Ference betvveen

the fornms (as was found to be the case with the IR spectra recorded from
single crystals (shown herein as Figures 16 to 18). Significant difference
exi st between the three fornms over the range of 1000-800 cm1 (Figure 8).
The regi on 400-200 cm 1 (inaccessible when recordi ng spectra using an 30
infrared mcroscope) also shows signficant differences (Figure 9), though
sen5|t|V|ty |n thIS reglon |s relatlvely poor due to detector response.

T 2 Y 1 a2 I T .

ramond wi ndows were separated and a spectrumwas recorded

ctra, FonglQﬂ@@%tal s were obtained in
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-3 5 solvents. The endot hernuc values are given in Table 8__bel ow. Different
pol ynorphic fornms give rise to different heats of solution This is
denonstrat e dat a obtai ned herein. The value of HT, t
"transition, q"(?ye%c?g to the difference in -21 WO 99/ 20628%1%@5/29&

PCT/ LJ898/224ﬁ¢gr¢roysxﬁé| 2at Weght&NP! F¥retdvehti@ly YQRidrRA TS it \dhid §s e same in
S

bot h sol vent redic l.ndi ua nt hal pi es are sol vent
dependent butl/@# fﬁoir ezﬁe (hgﬂl)ﬁhf %I‘?F‘l“ﬂé% gorr“é"shl’cﬁgg‘?’i ALM§fEachediip at

dihssol ution Qlﬁtr@nmeﬁedﬁcmm mlrsdb@heer]{nd@ffe;rendeq‘;dur&elml ESSPoaimlmt fgr ef gr gl

the nore sta at sol ution for rm rein gress. Table
bPar et hanoGIEEh A it idations Sreré fuigfill bissd R o

Ther mal Afal ycsnsderatimls[anﬁfhekbﬁxddaﬁh tee finali nefjnéPa¢m stages alpng BEM) isotvopic not
differenti at i h ans
showed nel ti ?\eﬁ'%&?ﬁl Fa[%thP ar o &EBT hé l?é‘?grrpﬂgr g@@?&h'}?&ﬁ?%l ly Te
312, Tp 314cther@w&apéepy1\m@up5tw¢ée nmt%@omazb@ r«at'mmeeuuééldotb@ﬁ hydfpgqnt ly, the

nel ting endofp@ﬁhﬂh@ﬁ@%ﬁﬂe@ﬁoﬁg}%ﬁq%t éserdperaﬁnTe‘@QctBB”pPl{heﬂﬁlSmﬁﬁxt' ng.
Thi s behavior was commop to b For s nd 15 Ther noni croscopi ¢

observati ons %aﬁﬁquﬁﬁfm%q‘tf?ﬁvééqudﬂ% ‘%/Efbﬁ%@s) tpRyakies of ther subl i mat i on
was diffeo entoﬁmtxemhrimmgmpmcq@mﬁumgd: 0056, &vRvi=0@.0ognpefiblir e range (
130 - 290C ora@rnocn al 1 br at ed str mantél Thi.S is,not e I'}('rj/e:b ﬁn?ﬁ he DSC
t her mogr ams. SRETYTH odxggﬁma&}vﬁ ¥and r(‘?%mg’z%e@ gy o o at ed

i nst ni ment) fValuealof thehman¢ral ammsscatﬁtrmg&smrbwblettykmffromhehntpmaannasl mel ting
20 consecuti ngui shed. The sublimte was col | ected
for all threg%orns aﬂ%?%%e& g@[‘)‘?; IR and NVMR. This showed that Form | had
been produced. Forns |) and II wer e anneal ed and were found to have
converted to Form | by IR The annealing procedure consisted of heating at
10C/ mn fromanbient to ca 250C and holding at this point for 112 - 1 hour,
then allowi ng the sanple to cool 25 slowy to roomtenperature. The above
t hermal experinents appear to indicate that Form|l is the nost stable form
This could explain the sinularity in nelting points of the three forns. |
-22 WO 99/ 20625 PCT/ US98/ 22451 Synthetic Methods of Recrystallization:
Vari ous batches of Cipanfylline were prepared by the same route and the
final recrystallization solvent and rate of cooling were varied as shown in
Table 9 below. 5 Table 9 Sol vent Rate

of Recover yPol ynor phCool i ngpr oducedEt hanol sl ow75 %-orm | | Et hanol very sl ow75
%-orm | |1 Met hanol sl ow70 %-orm | | Acet onef ast 22 %-orm | Tet r ahydr of ur anf ast 33
%-ornzs | and BI *Tetrahydrof uransl ows8 %orm | *In the case of THF (fast),
it appears that the Form | produced is contam nated 10 with another form

Formlll. Al data indicates that FormIll could be a pol ynorph, but has
not been characterised as it always seens to be produced in m xtures. Slow
cooling in this solvent produced FormIl. Formll recrystallization:

-13 -



-15 Anot her experinental procedure used to recrystallize Eorm Il froma
sol vent m xture of nethanol | 2-butanone as follows: Solid material froma
cipanfylline sanple was added to an aliquot of 2-butanoné in % i al
~and war msd%%?ﬂ/ %n a hot plate with stirring. Methanol vvaspgrc{g %%45%
drop-wise to the stirring warm sol uti OFI-aPl@té' | all solid material appeared
to 20 have dissolved. Snmall holes were placed in the plastic vial cap and

the clear, colorless sol uti dnteagity Mepsurgmens\Rasofastfermsilowl y in a hood at

anbi ent tenperature. Rectangular crystals of Formll appeared within 11
days. In yet

ot her study, C pa | Line ( ) was dissolved in EtOH (5 S
vol unes) 25 DHEAUBBEET the sol ut %ﬂ%"%é@% over 1 hour and 4 hours
respecti vel yRadilorr. esul ts are shQuKo n FaskecA0 bel ow. - 23 WO 99/ 2062S
Tabl e 10 Recyystalli %t_i on of G pant Ilg.nei romlEtO—I Exanpl scal eti me
t orecover edp%%?ﬂg}rﬁﬂ‘lga(mml cool SE{%Wfﬁgl d“% 9/&@6“7 or n20- 25C( h) 13
6174. 911 23. 68%5. THchniqu¢ es. a Ti ne-2saool fromreflex (~78C) to about
20-25C. b Deggdthrg'rﬁgﬁgl by I R Spect Wﬁg@g){ slaqy\és;agé &ﬁfl ! N both cases ,
cooling over_a prolonged period (>_ 1 h) gave C9Pa yIl I'ne in polynorphic
formlIl. For Bﬁqk\srcr@drbagatsmememi nercrsstalmeving gpenteras sach endrafd¢kgiur e f or
recrystajdization of Form IV, soldd rBRdeetdadtirddbdckgrBui@fRle® £0C panfylline

sanpl e was ded to an aliquot of isgpropanol in a“glass vial and warned
gently on aaﬁﬁtgemfg?%a-Wth st i rr?né.28§16<gqual vol une of ethanol was added

and stirring continued until all.®hé& ymterial appeared to have dissol ved.

Smal| holes were placed in the pllgzséi(% ial cap and the clear solution was
Left to evaporate slowy in a hood a ‘a]( ient tenperature. Over a short
time 15 rectangul ar crystals of Pogmgd$ appeared followed in several days

P{’/ ”gec” B85, Q8fda? ‘Qﬁé&i‘&n&"’as_ “Se‘i‘hfegrswﬁxbs‘rdﬂr{e‘d&w& ?v @?hﬁéé”?lcgﬁ& l)P)P-raS'f Form
. Form™ recrystallization: |In another experinental’ procedurée To
purification of C panfylline, (1&m®gyreie 20 di ssol ved in n-propanol (300

m) at refl exsalGe8! Réffclighst OOM temerture lead to precipitation of a
purified product, of Forml which s.isolated by filtration and dried at
70 C oversight. W. recovered G pXHYHY¢e = 11.969; Yield = 63 % .

Al ternative Rgt:vents, such as n-ppepanol Iwater, 3:1 also lead to simlar

yi el ds d results. 25 not ed Ve, , 1-Propanol is a pnferred solvent to
prepar e Ti pa ﬁflt(??fgwleﬂﬁ%& ynor p @]%o%ﬂﬂs The recrystalization procedure

with 1-propaNolofiMesiableen carri edl®ut on | arger scale, approx. 2 kg scale
with repeategd success. _24 WO §8420625 PCT/ US98/ 22451 Cooling times from
97 Cto anbient tenperature have varied from about 70 m nutes to overnight
(approz. 8 t® 12 hours). Form| ®886%een forned reproducibly. 5 This
process can g sunmari sed bel ow. g 0929,

25  Goodness of Fit: 3311
Absorption Correction: 0.868 min 1.254 max 0.991 ave

The complete single crystal X-ray experimental data used to produce the

structure displayed in FIG. 10 for Form I is included in Figures 12 to 15. The

30  parameters presented in the tables are measured in units commonly used by those
skilled in the art. A more detailed discussion of the units of measure can be found in
International Tables for X-ray Crystallography, Vol. IV, pp. 55, 99, 149
Birmingham: Kynoch Press, 1974, and G. M. Sheldrick, SHELXTL User Manual,
Nicolet Instrument Co., 1981.

35
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- Crude BRL-61063 (2.06 kg) was dissolved in 1-propanol (40 L) at about 97 C
The reaction was then cooled to about 18 C over about 70 m nutes. The

resul ting suspension was filtered, the solid washed with preghi :

- 1- pr opanol %\gf)g?n%_sz% L) and dried in air at about 50 C overni quﬁl‘trl Sggzgzi“gle
purified G paggyliirle 10 (1.85 kg, 90 %9 Form | product. In yet another
recrystallisafion study, simlar to that shown above jn Table 9, again
using MeOH, THF arftFciAT8riahplates yiers gEQwn By HPW evapaEatiosdTom 2 pahien prerdied ow. 15
Tabl e 11 Recrifi gletlahblsabu@io ICthepacathetdss Wwere detemhinedifomQhey subfirgfangles

?‘% EX?%?BE?O?QS Q‘F@W‘i@e&\ggﬁ%@%ﬁgﬁ‘ ??%8%%&%%@&%%@% g,; Egﬁ%h@éﬁ%neo. 004~ |

1 a22l 4Acét oD Q0 H stk & die0d firthee 8&icribéd B THBR.C0 InGD&yBdatnals@werea Gener al
hod: f . 1 i sl
met hod: X g c?:olle uc)%}\%{g?&lI%Et%n&geﬁ'nﬁﬂgfﬁqaﬂﬂe%owocﬂf)gl%@rr\%ﬁ@%a?ﬁu%rh%o‘?atx%ﬂ vent

and heated tor ereupon di sSoFdtion occurre _ on was then
cool ed over tahéanppbparichiesspeediecan tekbhnique p Acpmsetionswasanpliebip the deta&eri on. 20

b Time to cogly §9,Qkfeald i thd MtedQitié 5F thFee bR dlREbh% ﬁsxégfﬁ-e&% fhescopy d

Predom nantly formlIl, sqone forml a Crash coqling of solution with an ice
bath. -25 i99ing.dnpeYPyLYe heprssal expasiEe WRe o 1hregiorigntation songiolyy t hat

sl ow crysgbpal lalsdavdre hopftoBRlio @ideBary (@ystdlrhdvement duying the éiperimemd Myipduct in

C 0w cool i ng "B sorreeted BRLBots ShbpplatBhen B e b BB 2 "Cool i ng

of an identi aigorisoh, for the effects of aBsorptiore BRIMBGOGRivialens)ant wenal edflechiosm | .
The fast COO'&e?Qa@ﬁeéitB?@fai%@Hnﬁﬁ&ﬁégﬁl and gave form | product (entry 4)

confirmng the orig servatio 61063 was di ssolved in THF and
fast cooling led to isolation of material existing in polynorphic fornms |

and 111 gentry 5) ThEQrkthre\RSs SIFddby kY methodd (sith the MULTANROW:&R&hi N9
(entry 6). These experinents therefoh%&x%b/ég@‘for anot her aspect” of the

present i nveltReSn ARTHPISEIOZS Miegs BEia dSHEPPIGEMPETatURR faCPTH Kk es s
COWSF i ses dpl a@bge@snw Qeth(a'tnisatfgyiclbdig?adeﬁn]g?wa@f@amc Tfth@ fuetibn rritiﬂrx']ﬁlﬁzedi wiaflg th te
crude produc a o out refl ux eratyre an en cooling to
crystalize ozw(%{ﬁg?a&;‘ﬂg%d ?%r‘gh%s’%r Wﬁﬁ?ﬁef“,“aﬁﬂgssmaé‘” P¥NT i s
1-pr ;)_panol , ld(xﬂ (fn)_3=o[c_r2[IdBT,+ r(ﬁ@l)ﬁﬂ.eﬂbsiaibhyfo_ﬂpﬂ hmimgﬂn atbms weeg m |, t he
react i on,g00 g om
et ux. 8°T EhEard R tubsAfef SRR oEr Hafl. TR pdffors Juff iteobl0]
product occutteneperatresfagiory fastamino dydragematoms andthermethire kysiregensiondiol i ng a
sol ution, WhicehoMRpA GRETREreRLloWeR!S réfineDPokitiohs {5 NVbher régdrsgﬁm&hy) the
m ni mum cool i h tlgﬁ |e§ a realistic tine g)grlod of %g%lfné’(:ﬁds‘i‘ q?agqu nutes to
what ever is faleated baspdpn grAMStTiEA copyderatignsagd hl th erably,
the cooli nﬁ tr¢firement ﬂbgéestal@% i'&hri;oudpﬁﬁtemiehn&erfwll@s_ahsigmld]?luB(Bga))oi;ﬁhaut es
to over njght re in t tur ra from
about 0C-Yo. alistpd 3t Tnd i SRk BRksC bR RS ol S IR Y <
preferably fOd@Sabpvaludsd the caterntions otystallogsaphit fesiduils iRe= S04, R Fat i ve
sol vent, but oqgly Affmqa[ &ﬁfér&%@'?dﬁ?iei‘ ﬂlagsv%js- fehtirdi8 With! mb-SmilGSadnidy bhan

eful It a ng cooling t

et hanol, or nethanal,. LS US g time Is used 9 (see table
9 or 11 ). */-0.19 eA-37 Values of the neutral atom scattering factors were taken from the

International Tables for X-ray Crystallography.

30
The complete single crystal X-ray experimental data used to produce the
structure displayed in FIG. 32 for Form II is included in Figures 33 to 36. The

parameters presented in the tables are measured in units commonly used by those
skilled in the art.
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1f THF is used as a solvent to produce Form |, than slow cooling is
necessary, 30 and if acetone is used, than fast cooling is necessary as
well. It is (WRFrPPpiged that other conbinations of solvents under suitable
conditions may be used herein, these conbinations coul d incl uBETA&/ 32630 e
with water, or with other organic sol Vef,ligﬁ}’gtSS”Ch as DWF, heptanes, MCN,
n- but anol , isopropanol, ethyl acetate, , toluene, decalin, etc. Al of
these are included within thdntaestyiMeasafen@neDatarfodFéincHt i ons or

i nprovenents of the specifically exenplified enbodi nents herein. It is
recogni zed t ha is is wthin the skilled artisans neans to produce the
optimal -26 %%%&625 PCTN So8neep Nonius§JARAt for use for

recrystal |5 zaRadiatian a | abor at or yMuyKk cpe®eyg7alk scal e using the

di scl osures h I publicatigns,.including but not limted to patents
and pat ent apg{oﬁgg}%rf)@#so,r 5 cited ?’ﬁaﬂhﬁ?g'”g%e@iy%bti on are herein

i ncor por at ed SP“r@F@P@'m:e as i f ea<® scadi vi dual publication were
specifically s¢d Spagh-vi dual Iy i ndy be i pcor.pgr.ated by reference
herein as th2$1cLh ully set forth @bz%%égt%g'gﬁgﬁ‘ﬁgﬂ“ﬂhlly di scl oses the
i nvent i on i ncPardBIYne Measuremants 0 Maviogicrystal-movirer eahter Whelich ef@bf @S and

i nprovenmdfts of the enbodi ments . -d] osed herein are within

t he scope of l{ﬂg ngl ow ng cl ai rrsss.%%\g\lr;tﬁ%ﬁs%%d'%/ﬁgérkgé?%é%eﬁgr?, it is

bel i eved t hat ORe sRM% ed i n t he Bre2@&£0°usi ng the preceding description,
utilize the present invention todggdylest extent. Therefore the Exanpl es
herein are to be construed as rrere<l%<iélustrative and not a limtation of
t he scope of 15 the present inveerT m9n any way. The enbodi nents of the

i nvention in which an excl usive ptbgdrey7or privilege is clained are
defined 88 f Gkdnd¥ R at is i is. 1. A ,crystalljne polynorph of
1, 3-di - cycl opr opyl ne%ﬂﬁéﬁ?asé\?am no @%ns?%?ﬁr S measured everp threehourppfstan - r ay
powder diffraction pattern havi ngXpdstredoneri stic peaks expressed in d
spaci ng (A) Totalibor Rafiédtignd: Nt enshhye at approxi mately 12.3D2, 7.702, 8.532.
4,289, and 2.854, and as expressed in Figure 1. 2. A crystalline pol ynorph
of 1, 3-di-cycl opropylinethyl -8- afdPounigitthi ne, Form |, that exhibits an
infrared absBimpti on spectrumin pgteassi um bromi de having characteristic
absorpti d in regj cal .centimeters as described in Figure
20. 3. A%@(r:]r S@Paﬁ%ﬁ%glﬁ%?%r ph oﬂﬁ{@-ﬁ?alycl opr opyl met hyl - 8- am no

xant hi ne, Folfn ®f Varighlesexhi bi t s 202si ngl e crystal X-ray crystall ographic
anal ysis witg (a) crystal paranejggps that are approximately equal to the
fol | ow ng: ystal shape (nm) Flat needles Crystal dinmensions 1.0 x 0.12 x
0.08 nm Crystal color Colorless &#€ G oup Pl triclinic #2 Tenperature
295K Cel |l Cdhstants a = 10.829 (®ds4o4b = 12.636(2)i c = 5.105(3)i al pha
(a,) = i tad(3) = 91.53(4) ganma (y) =83.84(3) Volune 685.0(8) ~
3 1 ~lol ggul ;ﬁsﬁiﬁ‘?%()ge Y (20 4 D1I%ty, (p) 5lcm3 1.354 |.r 7.36Z cm 1

F(000) 292 Extinction Coefficient: 7.869(1) x 10-7
Decay Correction: 0.9769 min, 1.1374 max
Form IV:
30

Flat needles were grown by slow evaporation from a 50/50 mixture of ethanol
and isopropanol. Lattice parameters were determined from the setting angles of 25
reflections well distributed in reciprocal space measured on an Enraf Nonius CAD-4
diffractometer, and further described in Table 7. A full sphere of intensity data also
were collected on the diffractometer using graphite monochromated copper radiation
from a rotating anode source and an ©-20 variable speed scan technique. Intensities
of three monitor reflections measured at the beginning,
exposure time changed by at most +/- 1 1%

35

end and every two hours of
Three orientation controls also were
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~the atom c positions of all atons relative to the origi n—of the unit cell
as represented in the tables of FIGURES 12 to 15. 4. A crystalline

pol ynor ph O%a(%rgagziogig cycl opr opyl met hyl - 8- ani no xant hi ne, Fol rr},Lt:l.l,/UgglP‘u,gé,S, 5 A

“exhibits a pectroscopy pattern as expressed in Figure _
crystal line ppbyi®ieRo @éseds aryirystal ShARIRAYVAUIRE MY exPeAMeRO XARWRINe, Form

1, that exhibits an.X-ray powder diffragtion pattern havi characteristic |,
peaks express%?i“?cﬁecgfoé}g‘g&%/"lﬁga’( OI?‘FFaHEEFg?ﬁ?’ﬁ@ Pﬂ{‘%%iﬁﬁ:ﬁ-ﬁal&% x‘i’toﬁatel y

\

12. 001|, I 6. 702th|e%ﬂ6&§ ﬁ)f 3bsb?ﬁdorﬁr@nﬁni&ﬁ5aeqﬂilﬁll@$s zﬁ&{‘ﬂrﬁ&a&élaieﬂ nlr_dt@lrJ]W@eZ 6. A
crystal line pol ynor .1,.3-di - cycl gpropyl net hyl - 8-am no xant hi ne, Form
11, that exhi f)‘f%%gegﬁoioﬁh’rh%ﬁ%‘g%? e([%i on spectnimin potassium bromn de
havi ng characteristic absorption bands expressed in reciprocal centineters
as described in Fi 4 i

1, 3-di -cycl opr opyl 2&% Et)r/ﬁ?& 'éf—?a“r’r?s'rblégﬁﬁe_g_%&%lkljﬁ&et?ﬁ?g?dr%%,%%%g{‘mgx Si BPEE™, si ngl e
crystal X-raysesiegsAsomiggositions wareanifigilsrefinechwith {sotrapic femperetues Botorsandar e

appr oxi mat el yg SgialendPwit nfsolrbAWidRGIac&hts patamenaP eTR FhetidR RS is

bl ocks Space P2 11/ noclinic #14Cel I Copstantsa = 12.227 (4)~'" b =
D 2452) b s T bl Ay AVEIEH. 3 eI Sy D A EDRtor5 i a6 =

glVbIAecul eltad :Jlni/tszcted)): #leczﬂnﬁ) G?@.Q%I)Z}_?nPbSiﬁdnsa’éﬁtllﬁ/}@?}‘l@:éhgtcﬁ@ﬁa_ rcaﬁhe’ki%ﬁpo) QB4

. crystalll.ne 6] nor 0 so-QAl -CYC (0] -0-ad Nno..Xxa I ne,
Porm 117 1 hat NPT Vet i sitspaushs ARFete Bontie maad OSSR R M yur e
5. 9. A crysthydrogen giomy attagiedad cycl8pmpyLmethylene pybost wyte-dicatdtedobasedht hi ne,
Form | V t hat .&%Q%&ﬁétﬁgﬁ%hgihé i ﬁﬁﬁﬁé@ﬂg&?&‘ irPfE Finli FQf?.Em@mCMr%% HoppaVvi N9
characteristic DSOor ption anas expresse I N reclproca centi er s as
described i n Withisoseopicgtemparagire factomassignet 1. 3tBaq) of thepastaghndrasomofAll

1, 3-di -cyg op&ﬁ&yﬁymégeé,l pditfifis Werd 2éHdeldHon @rtmsbé(o?itchah &XRkOtcor@ S ngl e

crystal X-ray_crystalTographic analysis wt cgé%sta paraneters that are

approxi matel y magix gastysgpargyrefipement, canyeresd smax Ahay= B0 1o xdlaesedf Space

qu84§(13t1 fi)qliléﬂbilivéri:‘ﬁonal:’&yﬁg%dgr@ﬂég té%[ﬁu&lsd%? d.&%%? 2?07Q.=A|fﬁlal753(2) ~cC

= 4, e a) = . eta. .= .

-83. 33(2) vm‘B#S‘%E?%?%‘%%‘ mag K ftirelss L‘}’hﬁ&‘t“‘%’%ﬁ“f‘m(%“s E@%?.”ﬁ?l% a3

1.350 11. A cVsisesdf ihamepwhlyatomrsohttaringifattodi werg cakeprfoqy lthelnigrhatpnali no

xant hi ne,pqFor . \ i nan Spectroscopy pattern as expressed
205" Tphet ok RE e ploBrbni

in Figure 6. nposi tion conprising an anmount of a
pol ynorph of Form 1, according to any one of Clains 1 to 4, and a
pharmaceutical |y acceptabl e earner or diluent. 13. A pharmaceuti cal
conposition conprising an anount of a pol ynorph of Fornl Il, according to

any one of Clainms 5 to 8 and a pharnaceutically acceptable carrier or
diluent. 14. A pharnmaceutical conposition conprising an anount of a
pol ynmor ph of Form 1V, according to any one of Clainms 9 to 11, and a
pharmaceutically acceptable can ~ier or diluent. 15. Use of a pol ynorphic
Form | of 1, 3-di-cyclopropyl nethyl -8-am no xant hi ne

-17-



-according to any one of clains 1 to 4 in the manuf acture_of a medi cament

for the treatnment of a PDE4 nedi ated di sease. 16. Use of a pol ynorphic Form

Il of 1,3-d;: ropyl met hyl - 8-am no xanthine j according of
-clainms 5 thQ%}ﬁfr%b@Ee manuf acture of a nedi canent for the treg{?]r}@ﬁ%ﬁ/%gﬁa
PDE4 nedi ated di sease. 17. Use of a potyssy phic Form IV of

1, 3-di - cycl opr opyl net hyl - 8-am na nt hi ne accor di tg any one of clains 9
to 11 in the manufacture of qﬁ‘%ﬁﬁ'ﬁ@ﬁﬂ?ﬂ“@bﬁ%%@%@é%nt of a PDE4

medi at ed di sease. 31 18. Use of a polynorphic Form |1 of

1, 3-di -cycl o%%%/clt gtlgyl - 8-am no é@%ﬂ?ﬁﬁ%éﬁﬁ ding to any one of clains 1 ‘

to 4 in the na acture of a nedic n e treatnment of a TNF nedi at ed
di sease. $9. Ruglatioh: a pol ynor phi cCHber 11, BI06A

1,3-di-cyclo .-8-am no Al ing to any one of clains 5
to 8 in the pfrrggﬁ Jggﬁﬁ%&}é} of a rredi%%ﬁ&]nmigﬁglr%t?ﬂgetgltreat ment of a TNF nedi at ed
di sease. 20. 9@ Tgehmauso| ynor phi co£8sean v of

1, 3-di -cycl opgcgpgk,ggg; hyl - 8-am no yaiHbli 150 8F69Tdds Rnilqnany one of clainms 9
to 11 in the magu acé re of a nedicanent for the treatnment of a TNF

medi at ed di s&2asEgropnd Meagirgments pving Sursa-my VHISOYRIERRY §aRR SRbPLHET ph of
15 3;j_di - c?ao! opr(ipyél et hyl I8 am noI X8 i‘hingé:,scﬁpﬁm/bachgﬂ@&xh tm@ﬁgs)s corrplri sesd
a) dissolvin - gi-cycl opropyl ngt -8-am no xanthine in 1-propanol; an
b) cool i ng t%ﬁangf‘)f’gpfi%n to crystggl’il]%ée Sg‘?ﬂ% of solution the desired

pol ynor phic Form 1. 22. The proceg$<dccdtding to Caim21 wherein the
1-propanol is adm xed with water. ;23., Jhe process according to Caim?21
wherein the cooling tenperature is fromabout 0 to about 25 C. 24. The
process according to C ai m23 whef& hShe crystallization tine is from
about 15150 &sdbrdlRENSEONE €S.  25Fhrdd'QarfafisGAcas@ed QUEY MEted Rolds 3F Rl
wherein the xanthine is dissolved by heating the 1-propanol to reflux
conditions. 26. A process for prc?ifﬂg"t“ﬁbt“&ecrystal | i ne pol ymor ph of

1, 3-di - cycl opropd) WordReftgéttdbngm no x®98hi ne, Form |, which process conprises
a) dissolving 1, 3-di -cycl opropyl g@&?){ll - 8-am no xanthine in tetrahydrofuran
or acetone; and b) cooling the s "BY4YE o crystallize out of solution the
desi red pol y#omtphic Form | . 2.5%

. A39. AYhYn Al . - E.AS&. CAL.s. A . A3. A& Ah. A. . AQU. A . AL.
A9A. A . Agg kr%fe’}i@%@%%g AvAékg\.é\sA@%A oi mowzn! &2AChQA

OR{ upkf * [ V] cajxafVerplles: ca] caU] cP8a] ca] c~a] ca] cal] ca] ca] ca] ca] ca] c*a] cal] ¢
a] cal] ca] caU]pea] ca] ca] ca] ca] ca] cgadg<al] c<a

ak=U7: HKVY[ " [ {| wgl fa\ W] ca] ca] calé] c“‘%Lc/caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]c
a] ca] ca] ca] c%-ca] cal ca] ca] cal] ca] X 4] cajcalcalcal OMZX[G gjsi 4

%! | wmhc”Y] Rwea] ca] ca] ca] ca] ca] ©aQiaj caj ca] cal ca] ca] IcaU]' ca] ca] ca] ca] ca] ca]
ca] oc/gl,gibﬁﬂg%%%%%]fﬁ] cal ca] ca]zc 5ca! PY" " " HASYREEED' ) ) " +r ++, , -

5r 55| wr mhc” YExjisationaledficeitca) ca]lctbl]léb)]mb(]‘éa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca cal cal gababh Borabhit cal cal oAl i REHEDYS6FIRDH 1 E M -

a]

<(<=====72% :

B|( DDDDXESG vgl fa\ W ] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
WC ay g gll_ﬁ S]UEIJ%Q@h@%l&ﬁigl@b@/l@%apﬂ@ﬁkﬁﬁﬁ%ﬂﬁ@@dﬁ"u&ﬁe&r{oduee the I cal cal

u cal ca caV].c calgcaV]ca] cal ca

ca] ca] cafta] CHYCUIEItR!aE &ﬂ@#ﬁ%ﬁﬁ%%ﬁ%h%&q“&@&%}@ &8 kg}%%fca
VWNAKXXYZZZ\ TThe parafrieterb pizsdrvetimg hg tabtesiare nikdsaked]in hinied @mjmarly ajedajyahdsza] cal c
aU] ca] ca] ca] gﬁhg@ﬁ{]tﬁg%\z] caj] ca] ca] ca] ca] ca] ca] c”a] ca] caV] ca] caV]ca]caV]ca]c

a ggggghi i kknnoooppq: gWggqqsst
t uvvwwOx| wr mhc” Yl f a\ W c] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] cal] ca] ca] ca] ca] caU

]gia] Sﬂ fi;fif:i]zggmﬁ?ﬁ’g?]g’ﬁ %i?]é%ﬁ%ﬁ?&ﬂ??&f%ﬁ@?&f&aﬁsé’éﬁ réaé{leeca] ca) cal ca
] c~a] ca] ¢2] c/Bplics] thaoae Fostet pipeed in Ahe Xiran beam.c GTvstilleamaphic data on a large

group of crystals provides powder X-ray diffraction. If the powder is a pure
crystalline compound a simple powder diagram is obtained. To compare the results
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- Vht V) z: K} xsngb] Xl gb] X] ] ca] ca] caU] caU] ca] ca] ca] ca] c*a] calea] ca] ca] cal] ca] ca .

] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca

e2AY8. H{ ~yt 9%%#506‘] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cab§alsag adsgn] c”a

*] ca] ca] ca] c% ca cal ca] ca] ca] ca] c”a] ca] ca] cal
[B]@<Z]C3>5L9J]aR\ B] \dﬂkfsﬁlkléwﬂl’ﬁﬂ]aﬁﬂgq }o(aila ahal s:@hE ld:sgl&xgdtm]cﬁﬁbsa] ;ﬁ]{ﬂca}
ca]ca]cal] ca ca c >, #ir c
ca] ca] ca] ca] c&P %\f%ﬁ'f@h]g?}ﬁ o E%f@{ r 8%1 ﬁa&#ﬁ@? fcg‘f‘tsa] cal
gg} ga} ca} ca} ceﬁt]rwhtaal})craimpﬁm:p}og#amQRbfeiensmWnﬂUbﬂ/ G]eme]nSA]naly}lca]}cadyca] ca} cal
aJca]ca]c calca

oF] dgt ©» 1ove AR, bR 14 T etei o) THSBLER ORI BigB Ak aRL o

*3Y(10% - &5 () Singlejcrpad; ezm@) romx&elym es the'und eplkdimengipys, spaBEFRe, () - G °

"10%PP& () -G ; e
10%FE& (g) &2100/%‘1%1@{0 ?/k @ﬂsmg%% _Iégg'sl?réﬁde]aoo Q@ c&l@ e(a)<per¥e'ét powd

Sf 1094 ()- . % §at1@vy&c@nna§n&6nm a} E@@r/aatesmﬁmmcwdemmrm hQA
ORWX9PE: !, #10 e(rl)nenfaﬂyb@%?neﬁ)ﬁ‘drﬁi&r Batebtion! df chybil6 will confirm if the results

& ()-1,110% : f% 1 %% EPE: F 109 () -+109& () - (MLO%& () - S( MLO%&
() -SL' 100 (PEHESYR é%?qf’iq“ are Besaloq s () -, 1098 ()- 10 10

10yF: 10%&'1(0)-|y853|10% & ()-F 110%& ()-Sk=z[<~ @ 10%& ()- 10%g& ()-! N9

}/goo/ggz 8| of Yk £Fioh ()-&@10%g& ()-fU7aB~ @
00/@;% ()-S, 10%1:;& (g-ra&fmwﬁ&ncwn simpacgodBerencey beteen algiyea g of) - / 710998
() -3.109%9& ( po ir%n%ﬂ% (Ariafysit O7@& Karin sia%g@e%aﬁa 2 \for ﬁ{sirﬁﬁlﬁw& thar 10%& (

)- 10 10 10!9 -197 ﬁ‘ye&()-lf 109!

109%&' () - s9y&$®'¢>irﬁ'“’(ﬂ)t 12 1qn) pattermsgyge @?tamié%@ae ses\uldugdats iss zdEo P14
109 () - 96 pRAGié) infFiROMES (hnd 2 hOKAE () - 310%& ()- 10% () - X GaBoP1#
1y109%&' ()-,9F. g 10%& ()-! P)$L0UKKE () - (
10%& ()-99' 109& ()-O0F%-10%& ()- def gsbCH#z10% & ()-10%& () -
Infrared Spectroscopy (IR)
The infrared absorption spectra has positively identified the existence of
Forms I, IT and IV This data is presented in Figures 16 to 25 for compound, single
20  crystal and crushed crystals of the various polymorphic forms.
In a compression and grinding study Form I was shown to be stable to
compression and grinding, while Form II was shown to be stable to compression but
not to severe grinding.

25 Comparison of the IR spectra of Forms I and IV shows notable differences
The prominent band in a putative methylene deformation region at 1430 cm~1 (with a
shoulder at 1442 cm-1) for Form 1 is split in Form IV to give a band at 1424 cm-1 (with
a shoulder at 1434 cm-1) and a band at 1455 cm-1 (with a shoulder at 1466 cm~1). The
carbonyl stretching bands in Form I occur at 1648 (with a shoulder at 1656 cm-1) and

30 1682 cm-1, whereas Form IV they occur at 1656 cm™! and 1694 cm-1.  Weak features
in the Form I'V spectra at roughly 2000 and 2300 cm-1 are absent in Form I, but these
may represent overtones from the carbonyl region.

These spectra were recorded using a Spectra-Tech Plan II microscope
35  coupled to a P-E 1760 FTIR spectrometer (64-256 scans, ratio mode, MCT detector,
4cm-1 resolution, dry air purge). Spectra of samples without sample preparation
were obtained by mounting crystals on a diamond window Crushed crystals were

-19-
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.10 10 10&F: 109%& () -, 810%& ()-9S5" 109 ()- i dEbCH10%& ()~
10% & ()-s@0%& ()-3510%& ()- & 10%&’ ()-&10%& ()- 4
%laBbC#SLlo%z & (1-F11002& (- 100& ()- ’
"10%& () - % %2 511109 ()-@ Y'"" ##35} A<bCH! t *Z" 1098 () - ( L0V TF 244

10%2z& T 0

102(‘ZCZ*3: 1(()‘)%2&'8? é‘% ﬁ%gég{‘? %‘ﬁuﬁro( %97{?18 A%{P%Wﬁ\%@%ﬂ%gﬁﬁ ; "+r+z
X9VK@ " 109% & ¢imond w We) A%erzewg&sqqpe wag)usgd 1)9igserve-the bq'zxamm@the() “lull |
0%& ()-r """Q 1orystall e &Q%d% (Aﬁér%%ﬂrﬂ%ssf%n( dhes dlan%guﬁv‘ginélawé wée

1090+0+&' ( 0% Ft F&
10" S3: 100/ & (5‘3?‘81’63&&aé?eq‘WEE%C%eé)Oflﬂﬂ? mtfa@@ ?”ng tPG%e&f the 1 *109% * & (
) - #1$1%4 1 5@ 2%4dSeEQ@ 10

5!r éggﬁ;g(éb;g;g@l gﬁ ﬁ% I %}#gﬁ%ﬁ% é&s@&é% 1 1[?%53 show nur%grous differences
F10%&' () - @ 31B%&ll(and atdedRdily) difti@hdble. DT Rr€aso dghifi cinpiiitferdn8dOit@elatve! 3
109%& ()-!\Ly

To%: () - Fr 10 {erslisd tprssn the IRespertey of sigslg ystals of Foppy fand I ppgghe )

100& ()-EIf Kosmmmondingmpectralaiyained fom pp@asmnnbremwmg% these differences 2@

éga'?;féoo/g@ ()oE;ﬁTtﬁE&{éﬁo@thpéﬁ_?@;%Q/&ggg &@T{f&é_?_)éﬂ%\x( 1709 -Em-l_l_ In particular,
RS6T&L0Y&, E g éé@f@a,@r%r)ceq-re ative intensities g% thg bands near 153 , 1440, 1260, and 800

cm-1 in the spectra of Form I, and the bands near 1540, 1420, 1260 and 1060 cm-1
in the spectra of Form II.

15 The spectra of crushed crystals are very similar to the corresponding KBr disc
spectra. This is not surprising since both crushed crystals and KBr discs represent all
molecular orientations. In many cases adequate IR transmission through crystalline
samples can only be achieved by crushing.

20 There is poor correspondence between the single crystal and crushed crystal
spectra of Form IV, with the most marked difference occurring in the regions 1660-
1620, 1260-1180, 1000-920, and 800 -750 cm-1. However the crushed crystal
spectra of Form IV are very similar to the crushed crystal spectra of Form I. For
these IR spectra, Form IV crystals were obtained in the presence of those of form I,

25 by slow evaporation form 50:50 ethanol: isopropanol and separated by hand
Conversion of Form IV to Form 1 is perhaps not surprising, three dimensional X-ray
diffraction data indicates that molecular conformation (aside from orientation in the
cyclopropyl groups) and hydrogen-bonding (in terms of specific interactions) are
similar in Forms [ and IV. In forms I and IV only one of the amino hydrogens is

30 involved in hydrogen-bonding (this contrasts with Form II, in which all hydrogen
donors were found to be involved). These findings relate well to the conclusions
drawn from the single crystal infrared spectra of the three forms, where the N-H
stretching regions of Forms I and IV are similar, and different to Form II. Forms 1
and IV each have a band near 3455 cm-1 which is assigned to an unassociated NH

35  function. InForm II this band is absent and it is clear that all hydrogen donors are
involved in hydrogen-bonding.
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~R& ; $ % & 5: 6;9; U] C@ 10" 6T&L0% () - =T RE&6TRI0% ()-=) 6T&10%& ()- =T
R&EBTELOYE ()-=)6T&LOYE ()-=9; G H |;7; : ;u; x ?@

10" 6 T&LOYE 0%&' ()-=T R&6T&10%&' ()-=6T&LO%& ()-=T R&6 37U V;
PG Hoidpsiy

‘Wl Y AF@ 6T&LO%E ()-=6T&L0%& ()-=T R&T&LOWE ()-=6

R& ;; Ul C@ 10 & %&%@Ks\ngﬂcr?&&%&?@?@l@havé Bdehli8ldrdéd o different
R&6T&LOY&' () -.=6T&L0% = Ty > S 10%&& () GTEIQUE! (). =T
R&GTEL0YE () ‘“%ﬁdgf@%“%‘)amrmt@e?’&‘few 7“:&0"0 1280-1260cm canb
<(<<<S<T<d<n <exblii‘ns3 bﬂL QviERaton effects0 U definitive Spedird OPVBS{ )V BPrédeniRd herkin
s’ | E10%&& ( 100/#&' () -1 n<o<<<<<<<xX@$' 10%&d

s$' 109&R& ( S?i’lo: %‘3/&( ()-1 "1s$ 10%R& ()-s$' 10%&& ()-|
<<<<<<<<[5X<s$ 10%;$ 10%&& -1 "s$ 10%R& ()-s$' 10%&&' () - 1l

's$ 109%R& () -<::::::0 SWs$s$' 10%&&' () -s$' 10%&R& () -1

's$ 109R& () -S 's$ 109&R& () - 0=1=2=C=D=K=\ =] =xX@ $|

's$' 10%R&' ()-s$' 1M@n(§}-lcq:tra for Fopugk: Ii JudsBY arsoagse shpwn herem as Figures 4t0 9

"] =wex=y ====40a6 Shebriy B8&en sigrificant differences exist between the spectra of the three
forms, allowing them to be readily distinguished.

10 Form IV, under pressure has been shown under some circumstances to
convert to Form I, therefore, conventional sampling techniques, such as alkali halide
discs, or Nujol mull, may not be the best way to obtain infrared spectra for this
polymorph as the time involved in selecting appropriate sized crystals and obtaining a
good quality spectra is high.

15 Raman spectroscopy provides for a quick method of distinguishing Forms I,
IT and IV from each other without the need for sample preparation.

Spectra were recorded using a Perkin-Elmer 2000 FT-Raman spectrometer
equipped with an Nd:YAG NIR laser (1.064um). The scanning conditions were 64-
256 scans, quartz beamsplitter, 4cm-1 resolution and 1W laser power. The spectra of
20  Form IV (Figure 6) shows a significant amount of Raman scatter from the glass vial.
This is seen as an underlying cruve with a broad maximum near 400cm-1. Glass
makes only a minor contribution to the relatively intense spectra of Forms I and I1
(Figures 4 and 5)
The Raman spectra of Forms I, II and IV show numerous dxfferences and are
25  readily distinguishable. The carbonyl stretching region, 1750- 1600 cm-1 (Figure 7)
shows the most marked difference between the forms (as was found to be the case
with the IR spectra recorded from single crystals (shown herein as Figures 16 to 18).
Significant difference exist between the three forms over the range of 1000-800 c¢m-1
(Figure 8). The region 400-200 cm-1 (inaccessible when recording spectra using an
30 infrared microscope) also shows signficant differences (Figure 9), though sensitivity
in this region is relatively poor due to detector response.

Heats of Solution

Heats of solution were determined using acetone and methanol as suitable
35  solvents. The endothermic values are given in Table 8 below. Different polymorphic
forms give rise to different heats of solution This is demonstrated by the data
obtained herein. The value of H, the heat of transition, is equal to the difference in
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The above thermal experiments appear to indicate that Form I is the most

stable form. This could explain the similarity in melting points of the three forms.
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Cooling produced
Ethanol slow 75 % Form II
Ethanol very slow 75% Form II
Methanol slow 70% Form II
Acetone fast 22% Form I
Tetrahydrofuran  fast 33% Forms I and IIT*
Tetrahydrofuran  slow 58% Form I

*In the case of THF (fast), it appears that the Form I produced is contaminated

10 with another form, Form III. All data indicates that Form II could be a
polymorph, but has not been characterised as it always seems to be produced in
mixtures. Slow cooling in this solvent produced Form 1.

Form II recrystallization:

15 Another experimental procedure used to recrystallize Form II from a
solvent mixture of methanol/2-butanone as follows:
Solid material from a cipamfylline sample was added to an aliquot of 2-butanone
in a glass vial and warmed gently on a hot plate with stirring. Methanol was
added drop-wise to the stirring warm solution until all solid material appeared to

20  have dissolved. Small holes were placed in the plastic vial cap and the clear,
colorless solution was left to evaporate slowly in a hood at ambient temperature.
Rectangular crystals of Form II appeared within 11 days.

In yet another study, Cipamfylline (1g) was dissolved in EtOH (55 volumes)

25  and cooled the solutions to 20-25°C over 1 hour and 4 hours respectively. The
results are shown in Table 10 below.
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Form 1V recrystallization®
In another experimental procedure for recrystallization of Form IV, solid material
10  from sample a Cipamfylline sample was added to an aliquot of isopropanol in a
glass vial and warmed gently on a hot plate with stirring. An equal volume of
ethanol was added and stirring continued until all solid material appeared to have
dissolved. Small holes were placed in the plastic vial cap and the clear solution
was left to evaporate slowly in a hood at ambient temperature. Over a short time
15 rectangular crystals of Form I appeared followed in several days by needles, one
of which was used for the structure determination of Form IV,
Form I recrystallization;
In another experimental procedure for purification of Cipamfylline, (15.5g) was
20  dissolved in n-propanol (300 mL) at reflux. Cooling to room temperture lead to
precipitation of a purified product, of Form I which was isolated by filtration and
dried at 70 °C overnight. Wt. recovered Cipamfylline = 11.96g; Yield = 63%.
Alternative solvents, such as n-propanol/water, 3:1 also lead to similar yields and
results.
25

As noted above, 1-Propanol is a preferred solvent to prepare Cipamfylline in
polymorphic form I. The recrystalization procedure with 1-propanol has been
carried out on larger scale, approx. 2 kg scale with repeated success.
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15 Table 11 Recrystallisation of Cipamfylline from various solvents
entry | solvent | conc'| timeto | recovered | polymorphic
(/ml) | coolP to yield C form
20-25°C (%)
(min)
1 MeOH | 0.018 60 70 II
2 | Acetone | 0.004 40 64 md + 1
3 Acetone | 0.004 ~1¢ 22 I -
4 Acetone | 0.004 ~1€ 49 1
5 THF 0017 ~1€ 33 I+
6 THF 0.017 60 58 I

notes. a General method: x g of BRL-61063 were suspended in y ml of the
appropriate solvent and heated to reflux whereupon dissolution
occurred. The solution was then cooled over the appropriate time
and the product isolated by filtration.

Time to cool from reflux to 20-25°C.

Determined by IR Spectroscopy

20

Predominantly form II, some form I

o o o o

Crash cooling of solution with an ice bath.
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exclusively form I.  The fast cooling experiment was repeated and gave form I
product (entry 4) confirming the original observation.

BRL-61063 was dissolved in THF and fast cooling led to isolation of material
existing in polymorphic forms I and III (entry 5). Form I was exclusively obtained
from slow cooling (entry 6).

These experiments therefore provide for another aspect of the present
invention which is a process for producing Form I, which process comprises placing
crude Cipamfylline in an organic solvent, dissolving the crude product by heating to
about reflux temperature and then cooling to crystalize out the desired form.

For Form I, the preferred solvent is 1-propanol, acetone of THF, more
preferably 1-propanol. For Form I, the reaction cooling time is determined by the
minimum time to cool from reflux, or from the temperature at which dissolution of
the crude product occurred in a solvent, i.e. from a minimum time to crash cooling a
solution, which on a commenial scale is about 15 minutes. Preferably, the minimum
cooling time is a realistic time period of about 50 - 70 minutes to what ever is desired,
such as overnight (i.e. 8 to 12 hours). Preferably, the cooling time is about 60-70
minutes with a range to about 120 minutes to overnight if desired. The cooling
temperature is preferably from about 0°C to about 25°C, preferably from about 15°C
to about 25°C, more preferably from about 18°C to about 25 °C. Also, ethanol is an
alternative solvent, but only if crash cooling is used. If Form I is desired than
ethanol, or methanol, is useful if a long cooling time is used 9 (see table 9 or 11).

If THF is used as a solvent to produce Form I, than slow cooling is necessary,
and if acetone is used, than fast cooling is necessary as well.

It is recognized that other combinations of solvents under suitable conditions
may be used herein, these combinations could include admixture with water, or with
other organic solvents, such as DMF, heptanes, MeCN, n-butanol, isopropanol, ethyl
acetate, TBME, toluene, decalin, etc. All of these are included within the meaning of
a modifications or improvements of the specifically exemplified embodiments herein.
It is recognized that this is within the skilled artisans means to produce the optimal
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publication were specifically and individualiy indicated to be incorporated by
reference herein as though fully set forth

The above description fully discloses the invention including preferred
10  embodiments thereof. Modifications and improvements of the embodiments
specifically disclosed herein are within the scope of the following claims. Without
further elaboration, it is believed that one skilled in the are can, using the preceding
description, utilize the present invention to its fullest extent. Therefore the Examples
herein are to be construed as merely illustrative and not a limitation of the scope of
15  the present invention in any way. The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as follows.
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3. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I, that exhibits a single crystal X-ray crystallographic analysis with (a) crystal
parameters that are approximately equal to the following:
Crystal shape (mm) Flat needles
Crystal dimensions 1.0 x0.12 x0.08 mm

Crystal color Colorless

Space Group P1 triclinic #2

Temperature 295K

Cell Constants a=10.829 (2)A
b = 12.636(2)A
¢=5.105(3)A

alpha (o) =99.48(4)
beta (B) = 91.53(4)
gamma (y) =83.84(3)
Volume 685.0(8) A 3
Molecules/unit cell (Z) 4
Density, (p) gem=3 1354
18 7.362 cm-1
F(000) 292
the atomic positions of all atoms relative to the origin of the unit cell as represented in
the tables of FIGURES 12 to 13.

4, A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I, that exhibits a Raman Spectroscopy pattern as expressed in Figure 4.
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6. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I1, that exhibits an infrared absorption spectrum in potassium bromide having

characteristic absorption bands expressed in reciprocal centimeters as described in
Figure 21.

7. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I1, that exhibits a single crystal X-ray crystallographic analysis with crystal
parameters that are approximately equal to the following:

Crystal Shape (mm): Rectangular blocks

Space Group P2 {/c monoclinic #14
Cell Constants a=12.227 (HA
" b =7.448(2)A

c=14.946 (8)A
beta (B) = 97.95(4)

Volume 1348.1(9) A 3
Molecules/unit cell (Z) 4

p (calc) Density 1.356 g/em-3
L 0.896 ecm=1
F(000) 584

8. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I1, that exhibits a Raman Spectroscopy pattemn as expressed in Figure 5.

9. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
IV that exhibits an infrared absorption spectrum of a crystal having characteristic
absorption bands expressed in reciprocal centimeters as described in Figures 18, 24 or

25.

10. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
IV, that exhibits a single crystal X-ray crystallographic analysis with crystal
parameters that are approximately equal to the following:

Crystal shape (mm) Flat needles

Space Group P1 triclinic #2
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Cell Constants a=10.2103) A
b=13.7332) A
c=4.94231) A
alpha (o) =97.94(2)
beta (B) = 97.95(4)
gamma (y) =83.33(2)

Volume 677.1(5) A3

Molecules/unit cell (Z) 2

Density, g/cm-3 1.350

11. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
IV, that exhibits a Raman Spectroscopy pattem as expressed in Figure 6.

12. A pharmaceutical composition comprising an amount of a polymorph of Form
I, according to any one of Claims 1 to 4, and a pharmaceutically acceptable carrier or

diluent.

13. A pharmaceutical composition comprising an amount of a polymorph of Form
I1, according to any one of Claims 5 to 8, and a pharmaceutically acceptable carrier or
diluent.

14. A pharmaceutical composition comprising an amount of a polymorph of Form
IV, according to any one of Claims 9 to 11, and a pharmaceutically acceptable carrier

or diluent.

1S. Use of a polymorphic Form I of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 1 to 4 in the manufacture of a medicament for the treatment

of a PDE; mediated disease.

16.  Use of a polymorphic Form II of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 5 to 8 in the manufacture of a medicament for the treatment

of a PDE, mediated disease.

17. Use of a polymorphic Form IV of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 9 to 11 in the manufacture of a medicament for the

treatment of a PDE, mediated disease.
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21. A process for producing a crystalline polymorph of 1,3-di-cyclopropylmethyl-
8-amino xanthine, Form I, which process comprises

a) dissolving 1,3-di-cyclopropylmethyl-8-amino xanthine in 1-propanol; and

b) cooling the solution to crystallize out of solution the desired polymorphic Form I.

22.  The process according to Claim 21 wherein the 1-propanol is admixed with
water.
23.  The process according to Claim 21 wherein the cooling temperature is from

about 0 to about 25° C.

24.  The process according to Claim 23 wherein the crystallization time is from

about 15 to about 120 minutes.

25.  The process according to Claim 21 wherein the xanthine is dissolved by

heating the 1-propanol to reflux conditions.

26. A process for producing a crystalline polymorph of 1,3-di-cyclopropylmethyl-
8-amino xanthine, Form I, which process comprises

a) dissolving 1,3-di-cyclopropylmethyl-8-amino xanthine in tetrahydrofuran or
acetone; and

b) cooling the solution to crystallize out of solution the desired polymorphic Form 1.



